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high levels of airborne silica concentrations.  This study, the authors acknowledged, "does 

not support a direct dose-related nephrotoxic effect of silica" – even though over 95% of 

cohort members had silica-related X-ray abnormalities and over 70% had at least 20 years of 

exposure to silica. 

In a NIOSH-sponsored study, G. Calvert et al. (2003) performed a case-control 

analysis in which cases were subjects whose death certificate mentioned the disease of 

interest (e.g., autoimmune or renal disease), and controls (5 for each case) were subjects 

whose death certificate did not mention the disease or any of several diseases reported to be 

associated with silica exposure. 
422 

Subjects were assigned to a qualitative silica exposure 

category based on the industry/occupation pairing shown on the death certificate. The 

authors found no increased risk of mortality from renal diseases when the combined results 

for the medium, high, and super high estimated exposure categories were compared to the 

low/no exposure category; nor was there an increasing trend for renal disease mortality with 

increasing exposure (indeed, the opposite seems to have been true).
423 

In sum, there is ample reason to question whether silica exposure causes (or is even 

associated with) an increased risk of renal disease mortality.  Indeed, in a recent publication, 

the principal author of the study on which OSHA bases its estimate of renal disease mortality 

acknowledges that the evidence that silica exposure causes renal disease is only 

422 
This may have biased the study in favor of finding an association because selecting 

controls on this basis means that they would be less likely to have had silica exposure. 

423 
Calvert, G.M., et al., Occupational silica exposure and risk of various diseases: an 

analysis using death certificates from 27 states of the United States. Occup. Environ. Med. 

2003; 60:122-129. 
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―suggestive.‖
424 

That should have deterred OSHA from unjustifiably attributing a high risk 

of renal disease mortality to silica exposures at the current general industry PEL of 100 

μg/m
3
. 

2. The Studies OSHA Relies on Do Not Support its Risk Estimate for 

Renal Disease Mortality. ___ 

Acting on the questionable premise that silica exposure causes renal disease, OSHA 

projects that 45 years occupational exposure to crystalline silica at a concentration of 100 

μg/m
3 

will result in a 39/1,000 increased risk of renal disease mortality.  It bases this estimate 

on an exposure-response coefficient that K. Steenland et al. (2002) developed by combining 

data from three cohorts – Homestake, North Dakota gold miners; U.S. industrial sand 

workers; and Vermont granite workers
425 

– selected from the ten studies that were the subject 

of the pooled analysis of lung cancer risk by Steenland et al. (2001).  As Dr. Peter Morfeld 

notes, the three cohort analysis for renal disease mortality ―suffers from an unclear selection 

of cohorts. . . . There is no reason not to evaluate kidney disease mortality on the basis of all 

studies [from the ten cohort pooled analysis of lung cancer risk].‖
426 

These three studies 

purportedly were selected because they provided information on multiple cause mortality.  

But the listing of renal disease on an ―any mention‖ basis, rather than as the underlying 

cause, cannot form a proper basis for estimating mortality risks from renal disease; hence, 

both OSHA and its contractor, ToxaChemica International, focus on underlying cause results 

424 
Steenland, K. & Ward, E. Silica: A Lung Carcinogen. CA CANCER J CLIN 

2013;00:00–00. Available on-line at http://dx.doi.org/10.3322/caac.21214 (first published on-

line December 10, 2013). 

425 
Steenland, K., et al., Pooled Analyses of Renal Disease Mortality and Crystalline 

Silica Exposure in Three Cohorts. Ann. Occup. Hyg. 2002; 46 (Supp. 1):4-9. 

426 
Morfeld Comment at 24. 
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in estimating mortality risk from renal disease.  In these circumstances, as Dr. Morfeld 

observes, the selection of just three out of ten cohorts for the pooled analysis of renal disease 

mortality in Steenland et al. (2002) ―raises a suspicion of study selection bias,‖
427 

and a 

systematic weight of evidence evaluation has not been provided to justify the selection of the 

three cohorts that were utilized. 

Although there were only 50 renal disease deaths in the combined cohort from three 

studies – and although numerous studies, as noted above, have failed to find an association 

between silica exposure and renal disease – OSHA contends that the resulting risk estimates 

(though less than robust) are ―credible given the large size of the pooled cohort study and 

quality of underlying exposure and job history information.‖
428 

In fact, when one examines 

the three cohorts on which the Steenland et al. (2002) pooled analysis is based, one finds that 

OSHA‘s confidence in the ―quality of underlying exposure and job history information‖ is 

misplaced and that the evidence for an excess risk of renal disease mortality at an average 

silica exposure level of 100 μg/m
3 

is insufficient to support a finding of significant risk.  

a. Homestake Gold Miners 

As explained in Section II.D.3. above, the exposure assessment in the study of 

Homestake gold miners by Steenland and Brown (1995)
429 

suffers from enormous 

427 
Id. at 25. 

428 
Health Effects Review at 357.  It should be noted that the study of Vermont granite 

workers by Vacek et al. (2011) had more deaths from renal disease than any of the three 

studies relied on by Steenland et al. (2002).  Yet, as discussed above (see p. 89, supra), the 

authors found no indication of an association between silica exposure and mortality from 

either kidney cancer or non-malignant kidney disease in the cohort. 

429 
Steenland, K. and Brown, D., Mortality Study of Gold Miners Exposed to Silica and 

Nonasbestiform Amphibole Minerals: An Update With 14 More Years of Follow-Up. 

American Journal of Industrial Medicine. 1995; 27: 217-229; Steenland, K. and Brown, D., 
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uncertainty and a high likelihood that exposures were underestimated.  Having reviewed the 

issues in some detail at pages 123-130 above, there is no need to restate all the problems 

here.  We would note, however, that the absence of any exposure measurements for the years 

prior to 1937 is likely to have had a particular impact on risk estimates for renal disease 

mortality – because, as OSHA notes, ―most of the excess deaths [from renal disease] were 

concentrated among workers hired before 1930 when exposures were likely higher than in 

more recent years.‖
430 

In fact, they likely were very much higher.  As estimated by the 

study‘s authors, the median average exposure level of men hired prior to 1930 was more than 

seven times higher than the median average exposure level of men hired after 1950 (0.15 

3 3 431
mg/m versus 0.02 mg/m ). And only the men hired before 1930 showed a significantly 

elevated SMR for chronic renal disease – suggesting the existence of an average exposure 

threshold ≥0.15 mg/m
3 

for any risk of silica-related renal disease mortality. 

Steenland and Brown stated that for the cohort as a whole, the median intensity of 

exposure to silica was 0.15 mg/m
3 

for men hired before 1930, 0.07 mg/m
3 

for men hired 

between 1930 and 1950, and 0.02 mg/m
3 

for men hired after 1950.432 And they assumed 

zero exposure after 1975 even though 14-15% of cohort members continued to work at the 

Silicosis Among Gold Miners: Exposure-Response Analyses and Risk Assessment.  Am J. 

Public Health. 1995; 85:1372-1377. 

430 
78 Fed. Reg. at 56309. 

431 
See Steenland, K and Brown, D., Mortality Study of Gold Miners Exposed to Silica 

and Nonasbestiform Amphibole Minerals: An Update With 14 More Years of Follow-Up. 

American Journal of Industrial Medicine. 1995; 27: 217-229 at 221. 

432 
See Steenland, K and Brown, D., Mortality Study of Gold Miners Exposed to Silica 

and Nonasbestiform Amphibole Minerals: An Update With 14 More Years of Follow-Up. 

American Journal of Industrial Medicine. 1995; 27: 217-229. 
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mine after that date.  For the reasons discussed in Section II.C.3. above, these exposure 

values are not credible. OSHA‘s confidence in the ―quality of underlying exposure and job 

history information‖
433 

in the study of Homestake gold miners is misplaced.  The truth is that 

the exposure data underlying the analysis of renal disease mortality in this study is of 

questionable quality and almost certainly understates the silica exposures of cohort members.  

Just as ―there are too many weaknesses associated with this study to permit any confident 

predictions of the risk of silicosis in relation to cumulative exposure,‖
434 

there are too many 

weaknesses to form credible estimates of renal disease mortality risks. 

Furthermore, an elevation in mortality from chronic renal disease among Homestake 

gold miners was found only in men hired prior to 1930 when dust exposures were at their 

highest, while the SMR for chronic kidney disease was not statistically significantly elevated 

for the cohort as a whole or for men hired in either of the two later periods.  Thus, if there is 

an association between silica exposure and renal disease mortality at all, the study of 

Homestake gold miners suggests there is a long-term average exposure threshold above 100 

μg/m
3 

separating the early highly exposed hires (whose median intensity of exposure to silica 

was estimated as 0.15 mg/m
3
) from the rest of the cohort. 

b. North American Industrial Sand Workers 

The second study used in the Steenland et al. (2002) pooled analysis of renal disease 

mortality was a 2001 study of North American industrial sand workers by Steenland et al. 

433 
Health Effects Review at 357.  

434 
British HSE Phase 1 Report at 50. 
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(2001)
435 

While the authors of this study claimed to find an increased risk of renal disease 

mortality and end stage renal disease with increased cumulative exposure to silica, another 

contemporaneous study of North American industrial sand workers found no relation 

between end-stage renal disease or renal cancer and cumulative silica exposure; in fact, the 

trends were opposite.
436 

In any event, the exposure estimates used in Steenland et al. (2001), 

as developed in Sanderson et al. (2000)
437

, were highly uncertain and very likely understated 

– as illustrated by the fact that exposure estimates developed by Rando et al. for the largely 

contemporaneous study of North American industrial sand workers were considerably 

higher.
438 

The limitations of the exposure estimates developed by Sanderson et al. (2000) are 

discussed in the attached report by Dr. Roy J. Rando.
439 

They include the following: 

 Sanderson et al. ―collapsed the 18 plants into 4 categories and the 143 jobs into 

10 categories, yielding 40 job/plant groupings in the exposure matrix. The 

collapsed job categories corresponded approximately to a department-based 

matrix and included quarrying, crushing, wet processing, drying, screening, 

milling, bagging and bulk loading jobs. Such a broad categorization of jobs 

certainly resulted in some exposure misclassification. This problem likely would 

435 
Steenland, K. et al., Kidney Disease and Arthritis in a Cohort Study of Workers 

Exposed to Silica. Epidemiology. 2001; 12:405-412. 

436 
See p. 88, supra (discussing McDonald, J. et al., Mortality from Lung and Kidney 

Disease in a Cohort of North American Industrial Sand Workers: An Update. Ann Occup 

Hyg. 2005; 49(5): 367-73). 

437 
Sanderson, W. et al., Historical Respirable Quartz Exposures of Industrial Sand 

Workers: 2000; 1946-1996. Am. J. Ind. Med. 38:389-398. 

438 
Rando RJ, R Shi, JM Hughes, H Weill, AD McDonald, and JC McDonald: Cohort 

Mortality study of North American industrial sand workers. III. Estimation of past and 

present exposure to respirable crystalline silica. Ann. Occ. Hyg. 45:209-216 (2001). 

439 
Rando, R.J., Estimates of Exposure to Crystalline Silica in Epidemiological 

Investigations of Industrial Sand Production Workers: Critical Review and Comparison of 

the Papers by Rando, et al. and Sanderson, et al., July 24, 2004 (―Rando Report‖), submitted 

herewith as Attachment 7. 
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have been most significant in the milling, drying, and quarrying areas because of 

the inherently wide range in job tasks and resulting exposures. In the case of 

quarrying in particular, combining jobs in hard sandstone mining and wet sand 

dredging into the same category is clearly not warranted.‖ Rando Report at 4-5. 

 The only exposure data available to Sanderson et al. for the decades before 1974 

came from a summary of particle count samples taken by Professor Theodore 

Hatch in a survey of 19 plants in 1946.  But there were no individual plant 

identifiers in the survey, so plant-specific exposures could not be determined for 

the pre-1974 period.  Rando Report at 5. 

 Sanderson et al. converted the Hatch particle count data into gravimetric 

equivalents using a generic conversion factor of 1 mppcf = 100 μg respirable 

mass. As Dr. Rando points out, the applicability of this generic conversion factor 

across a broad range of industries is questionable ―primarily due to the inherent 

assumption that airborne particle size distributions are the same, regardless of the 

industry and the processes used within it. This assumption must be regarded with 

considerable skepticism.‖ Rando Report at 7. By contrast, Rando et al. 

―developed a specific conversion factor for [the industrial sand] . . . industry 

based on a set of respirable dust samples collected in a survey of several 

industrial sand plants in 1979.‖ Id. Using that information and additional 

analyses, Rando et al. developed an industry-specific conversion factor of 1 

mppcf = 276 μg/m
3 

respirable mass for industrial sand facilities. ―Clearly, 

because of potential differences in particle size distributions across differing 

industries and processes, an industry specific conversion factor such as that 

developed by Rando is preferable to a generic factor such as that utilized by 

Sanderson.‖ Rando Report at 13. 

 Rando et al. ―conducted extensive research into the history of plant and process 

changes that may have altered dust emissions and worker exposure. . . . From 

these investigations, a compilation of common historical changes in each general 

process area of an industrial sand plant was developed. Specific dates or date 

ranges for such changes at each of the plants were then determined based on the 

interviews and documentary evidence.‖ Rando Report at 8.  Sanderson et al. 

conducted no such research.  ―Rather, they relied upon broad inferences of where 
and when changes might have occurred through statistical comparisons of 

modern and past exposure data. However, no specific information on what the 

putative change may have been or exactly when it occurred was available.‖ Id. 

 In the industrial sand industry, ―the time period spanning approximately 1947 to 

1974 saw the institution of many control measures aimed at reducing exposure to 

crystalline silica. Because of the lack of information on the history of 

implementation of such changes, Sanderson assumed a simple linear decrease in 

exposures over this time period. In contrast, Rando was able to use specific dates 

of implementation of such changes to decrease exposure estimates in a step-wise 

fashion, which is more likely to be representative of reality.‖ Rando Report at 

13. 
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 Exposures in the period before 1947 were considered to be constant – so that 

workers whose employment began prior to 1946 were deemed to be exposed at 

levels measured in 1946.  And follow-up in the Steenland et al. (2001) study was 

through 1996, but work histories and exposure data collection ended in 1988, so 

late entries into the cohort may have had unaccounted for silica exposures during 

the eight years following 1988. 

As can be seen, there are large uncertainties in the exposure assessment developed by 

Sanderson et al. (2000) and used in the analysis of renal disease mortality by Steenland et al. 

(2001).  Moreover, in comparison to the more ―hands-on‖ and plant-specific exposure 

assessment of Rando et al. (2001) – which OSHA appears to recognize is the superior 

exposure assessment 
440 

– the exposure values developed by Sanderson et al. for facilities in 

the same industry during comparable time periods were markedly lower, suggesting that 

Sanderson et al.‘s exposure estimates and resulting Job Exposure Matrix not only were 

uncertain but also were understated.
441 

Furthermore, the SMRs for renal disease mortality in Steenland et al. (2001) were not 

impressively high.  When evaluated in terms of underlying cause, the SMR for acute renal 

disease was not significant (95% CI: 0.70-9.86), and the SMR for chronic renal disease was 

just barely so (95% CI: 1.06-4.08). The study‘s authors, therefore, conducted no further 

analyses based on underlying cause mortality.  Instead, their exposure-response analyses 

were based on multiple-cause mortality data, which encompassed all deaths with any 

440 
See 78 Fed. Reg. at 56302 (―McDonald et al. (2001), Hughes et al. (2001), and Rando 

et al. (2001) had access to smoking histories, plant records, and exposure measurements that 

allowed for historical reconstruction and the development of a job exposure matrix. 

Steenland and Sanderson (2001) had limited access to plant facilities, less detailed historic 

exposure data, and used MSHA enforcement records for estimates of recent exposure.‖). 

441 
In Sanderson et al. (2000), the geometric mean of the samples for the period 1974 – 

1996 was 25.9 ug/m
3
; while in Rando et al.(2001), the geometric mean exposure for the 

period 1974 – 1998 was 42 ug/m
3
. The actual differences were even greater than this, 

because Rando et al. took account of use of personal protective equipment after 1974, while 

Sanderson et al. did not. 
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mention of renal disease on the death certificate even where renal disease was not the 

underlying cause.  There are a number of problems with use of multiple-cause data in 

mortality analyses, the most fundamental of which is that only the underlying cause data 

involve actual deaths from renal disease.  As a matter of logic, then, only those data can be 

used to estimate the potential risk of renal disease mortality.
442 

As noted above, based on the 

underlying cause data, the SMRs for renal disease in this cohort were either not significant 

(for acute renal disease) or only marginally so (for chronic renal disease). When this fact is 

considered along with the many uncertainties and the strong likelihood of underestimation in 

the exposure assessment, the Steenland et al. (2001) study of North American industrial sand 

workers clearly does not provide a sound basis for estimating the risk of silica-related renal 

disease mortality – particularly since the contemporaneous study of North American 

industrial sand workers by McDonald et al. (2005) found decreasing odds ratios for chronic 

non-malignant renal disease mortality with increasing cumulative exposure to silica.
443 

c. Vermont Granite Workers 

The third study used in the Steenland et al. (2002) pooled analysis of renal disease 

mortality is difficult to analyze.  It is referenced in Steenland et al. (2002) as ―Attfield M. 

442 
OSHA appears to recognize this point, since its risk estimate for renal disease 

mortality reflects underlying cause data.  See Health Effects Review at 316, 351-352, Table 

II-12 (basing its risk estimate for renal disease mortality on the exposure-response coefficient 

derived from underlying cause data).  Another problem with using multiple-cause data is that 

the date of disease incidence is not known, so the decedent may have contracted renal disease 

even before being exposed to silica.  Furthermore, in this cohort, the SMR for all causes of 

death (based on underlying cause analysis) exceeded unity (SMR = 1.23), which means there 

were more death certificates for the cohort than expected and, consequently, more 

opportunities for multiple cause listings.  

443 
McDonald, J. et al., Mortality from Lung and Kidney Disease in a Cohort of North 

American Industrial Sand Workers: An Update. Ann Occup Hyg. 2005; 49(5): 367-73. 
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had more complete mortality ascertainment and improved exposure assessment. 
445 

This 

updated study found no evidence of an association between silica exposure and either 

malignant or non-malignant kidney disease, even though the study had a substantially larger 

number of deaths from kidney cancer (28) and nephritis/nephrosis (34) than any other study.  

The SMR for chronic renal disease (nephritis/nephrosis) was below unity (SMR =0 .99; 95% 

CI: 0.68; 1.38).  And, while cumulative silica exposure was significantly related to silicosis 

and other non-malignant respiratory disease in the case-control analysis, it ―was not 

significantly related to mortality from kidney cancer (OR 0.96, 95% CI 0.84 to 1.09) or non-

malignant kidney disease (OR 0.95, 95% CI 0.84 to 1.08).‖ Moreover, this lack of an 

association was found whether cumulative exposure was treated as a continuous or 

categorical variable, and whether it was analyzed on an untransformed or log-transformed 

basis.  

In light of these findings in the updated study of the Vermont granite worker cohort, 

OSHA cannot reasonably rely on the superseded study by Attfield and Costello (2004) – 

which did not even present data on renal disease mortality – to estimate a risk of renal 

disease mortality for silica-exposed workers. As Dr. Peter Morfeld observes, ―a pooled 

analysis of renal mortality risks based in large part on Attfield and Costello 2004 is 

unreliable for that reason alone.‖
446 

445 
Vacek, P., Verma, D., Graham, W. & Gibbs, G., Mortality in Vermont granite 

workers and its association with silica exposure. Occup Environ Med. 2011; 68: 312-318, 

available online at http://dx.doi.org/ 10.1136/oem.2009.054452.  See pp. 36-41, supra. 

446 
Morfeld Comment at 24. 

- 154 -

http://dx.doi.org
























 

 

 
  

  

 

 

 

 

 

  

 

 

 

 

 

 

 

    

    

 

   

 

     

   

 

 

feasibility analysis for each job category in each general industry sector.  Id. at 56356-57 & 

Table VIII-9.  

Once OSHA calculated the control costs for a single exposed worker, it calculated an 

annualized cost for each sector by scaling up the cost estimates based on the number of 

overexposed workers in each sector and the degree to which OSHA believed that a particular 

set of controls was capable of protecting more than one worker.  Id. at 56361-63.  OSHA 

then compared its estimate of the annualized compliance cost for each general industry sector 

to its estimates of the sector‘s annualized revenue and profits to determine whether the 

estimated compliance cost exceeded 1% of revenue or and 10% of profits for the sector.  

Based on this analysis, OSHA concluded that the annualized costs of the proposed standard 

did not exceed the 1% or 10% revenue and profit thresholds for any general industry sector.  

Id. at 56369.  However, as described below, OSHA has made very significant errors both in 

estimating the costs to comply with the proposed standard and in its comparisons to revenue 

and profit data.  As a result, OSHA‘s reliance on this feasibility analysis is arbitrary and 

unreasonable.   

b. OSHA Has Grossly Underestimated the Costs for General 

Industry to Comply with the Proposed Standard __ 

OSHA‘s feasibility analysis grossly underestimates the costs of complying with the 

proposed standard due to a series of fundamental errors in its approach to estimating costs.  

Once those errors are corrected, the cost to comply with the proposed PEL and ancillary 

provisions of the standard is found to be dramatically higher than what OSHA has estimated.  

Even when only the hypothetical incremental costs of reducing exposures from 100 µg/m
3 

to 

50 µg/m
3 

are considered, general industry‘s annualized costs to comply with the proposed 

standard would be more than $4.7 billion. That estimate, however, is far too low because it 
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assumes hypothetically that all firms have achieved compliance with the current PEL of 100 

μg/m
3
, which, of course, is not the case – since, by OSHA‘s reckoning, 81,000 workers (or 

66% of all general industry workers whose current RCS exposures exceed the proposed PEL 

of 50 μg/m
3
) are exposed above 100 μg/m

3
. 78 Fed. Reg. at 56352.  On a full cost basis, the 

real cost for general industry to comply with the proposed standard would exceed $6 billion. 

When construction and hydraulic fracturing are included, the full costs of compliance with 

the proposed standard rises to more than $8.6 billion.
468 

The Panel retained URS Corporation (―URS‖) to evaluate OSHA‘s technological 

feasibility analysis and cost estimates.  URS‘ complete report is submitted with these 

Comments as Attachment 8
469 

URS evaluated OSHA‘s feasibility analysis for the general 

industry sectors and identified a series of fundamental errors in OSHA‘s cost estimates for 

engineering controls and ancillary provisions that materially affect the projected compliance 

costs for the proposed rule.  In most instances, URS was able to correct those errors and 

provide more accurate cost estimates.  However, in other cases, URS elected to retain 

OSHA‘s cost estimates despite the fact that they significantly underestimate the true 

compliance costs.  As a result of that decision, URS‘ own cost estimates remain conservative 

and are likely to underestimate the compliance costs that would actually be experienced by 

the general industry sectors. 

468 
See Preliminary Letter Report of Environomics to the American Chemistry Council‘s 

Crystalline Silica Panel Regarding the Economic Impact of the Occupational Safety and 

Health Administration‘s Proposed Standard for Occupational Exposure to Respirable 

Crystalline Silica (February 7, 2014) (―Environomics Report‖), Table 1. 

469 
URS Corporation, Critique of OSHA‘s Cost Models for the Proposed Crystalline 

Silica Standard and Explanation of the Modifications to Those Cost Models Made by URS 

Corporation (February 7, 2014) (―URS Feasibility Report‖). 
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After estimating the cost for each engineering control and calculating the number of 

control packages that would be needed in each of 19 general industry sectors, URS 

aggregated the costs across those sectors, with results shown in Tables 1 and 2 below.
470 

Table 1:  Annualized Costs of Engineering Controls in 19 General Industry Sectors 

Sector OSHA 

Incremental 

Costs ($mm) 

OSHA Full 

Costs ($mm) 

URS 

Incremental 

Costs ($mm) 

URS Full 

Costs ($mm) 

Asphalt Paving Products 0.18 0.18 0.25 0.25 

Asphalt Roofing Materials 2.19 4.39 116.12 173.24 

Concrete Products 11.74 33.98 463.38 582.48 

Costume Jewelry 0.35 0.12 0.15 0.44 

Cut Stone 5.89 15.78 111.44 138.14 

Fine Jewelry 0.31 1.10 1.26 3.83 

Flat Glass 0.28 0.36 15.71 20.47 

Iron Foundries 9.97 28.41 859.27 1,247.07 

Mineral Processing 3.59 5.38 84.18 97.16 

Mineral Wool 0.90 1.44 70.30 84.4 

Nonferrous Sand Casting 

Foundries 

3.43 9.77 345.31 480.99 

470 
The URS Feasibility Report includes cost estimates for only 19 of the 29 general 

industry sectors.  For the remaining 10 sectors, URS determined that the number of facilities 

included in each sector by OSHA was grossly overestimated, so that the cost per facility and 

the total compliance costs are highly uncertain in those sectors.  See URS Feasibility Report 

at 2, n.1.  For that reason, URS excluded them from its estimate of total general industry 

compliance costs, thereby understating the total compliance costs for general industry as a 

whole.  The fact that OSHA grossly overestimated the number of facilities in these 10 sectors 

casts doubt on the Agency‘s general methodology for calculating compliance costs and 

makes its feasibility determination even more problematic. 
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Non-Sand Casting 

Foundries 

5.72 16.29 526.25 749.43 

Other Ferrous San Casting 

Foundries 

2.98 8.50 272.41 391.95 

Other Glass Products 1.53 2.48 38.85 54.16 

Paint and Coatings -- 0.82 20.55 25.36 

Pottery 4.09 10.20 344.33 472.81 

Ready-Mix Concrete 7.03 10.78 344.96 356.46 

Refractories 0.69 1.66 65.88 72.26 

Structural Clay 11.45 33.48 264.36 402.64 

Grand Total 71.96 185.11 3,944.97 5,353.60 
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Table 2: Total Annualized Costs of Proposed Standard (Including Ancillary Provisions) 

Sector OSHA 

Incremental 

Costs ($mm) 

OSHA Full 

Costs ($mm) 

URS 

Incremental 

Costs ($mm) 

URS Full 

Costs ($mm) 

Asphalt Paving Products 
0.24 0.24 4.01 4.01 

Asphalt Roofing Materials 
3.16 5.35 123.51 180.63 

Concrete Products 
19.00 41.24 801.50 920.61 

Costume Jewelry 
0.13 0.21 1.97 2.26 

Cut Stone 
8.60 18.48 137.12 163.82 

Fine Jewelry 
1.88 2.67 17.35 19.93 

Flat Glass 
0.28 0.40 16.27 21.03 

Iron Foundries 
13.91 32.34 935.02 1,322.82 

Mineral Processing 
4.60 6.39 115.62 128.59 

Mineral Wool 
1.09 1.63 72.50 86.64 

Nonferrous Sand Casting 

Foundries 
4.84 11.18 379.94 515.62 

Non-Sand Casting Foundries 
8.00 18.58 576.61 799.79 

Other Ferrous San Casting 

Foundries 
4.18 9.70 296.57 416.11 

Other Glass Products 
1.84 2.79 42.28 57.58 

Paint and Coatings 
0.14 0.96 22.84 27.65 

Pottery 
6.01 12.12 394.50 522.98 

Ready-Mix Concrete 
16.51 20.26 401.55 413.04 

Refractories 
1.09 2.06 68.73 75.11 

Structural Clay 
12.91 34.94 314.55 452.84 

Grand Total 
108.40 221.54 4,722.45 6,131.08 
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As these data show, regardless of whether only the incremental compliance costs are 

used or whether the full compliance costs are properly considered, OSHA substantially 

underestimated the anticipated compliance costs for general industry.  The comparisons are 

stark: 

 URS‘ estimate of annualized incremental engineering control costs for 19 general 

industry sectors to reduce exposures from the level of the current PEL to the level of 

the proposed PEL is $3.945 billion.
471 

In comparison, OSHA‘s incremental 

engineering control cost estimate for all of general industry was only $88.4 

million.
472 

 When the full engineering control costs are considered, URS estimated that the 

annualized costs for 19 general industry sectors would be $5.354 billion.  In contrast, 

URS found that the full engineering control costs under OSHA‘s estimate would be 
only $185.1 million for the same 19 general industry sectors. 

473 

 URS‘ estimate of the annualized cost of the ancillary provisions of the standard was 

more than an order of magnitude higher than OSHA‘s ($777.4 million vs. $36.4 

million) for the 19 general industry sectors reviewed by URS.
474 

 Combining the engineering control costs with the ancillary provision costs, URS 

estimated that: 

 The annualized incremental cost of the proposed standard for 19 general 

industry sectors would be $4.7 billion, while OSHA‘s estimate of the 
incremental cost is $108.4 million; and 

 The annualized full cost of the proposed standard for those 19 general industry 

sectors would be $6.13 billion, while OSHA‘s estimated full cost for these 

sectors is $221.5 million. 

471 
See URS Feasibility Report, Table 3A. 

472 
See 78 Fed. Reg. 56358, Table VIII-8. 

473 
See URS Feasibility Report, Table 3A. 

474 
See URS Feasibility Report, Table 4A.  As discussed below, approximately 60% of 

URS‘ ancillary cost estimate is for the cost of professional cleaning in certain industries.  

OSHA had expressly included professional cleaning in its description of measures necessary 

for certain industry sectors to meet the proposed PEL, but then mistakenly left those costs out 

of its own cost calculations.  
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 On a broader scale, the full cost of the proposed standard for general industry, 

construction, and hydraulic fracturing – as estimated by URS and Environomics – 
would be $8.6 billion,

475 
as compared with OSHA‘s estimate of $672 million for the 

same industries.
476 

The remainder of this section describes in more detail the errors that URS identified 

in OSHA‘s cost analysis, the steps URS took to correct those errors, and the effect that URS‘ 

corrections had on the compliance costs for general industry.  

(1) OSHA Has Grossly Underestimated the 

Engineering Control Costs for General Industry to 

Comply with the Proposed PEL. __ 

The principal reasons why OSHA has underestimated engineering control costs in 

general industry are described below. 

OSHA does not account for increased overexposure caused by the proposed adoption 

of the ISO/CEN definition of respirable dust. In an effort to harmonize OSHA‘s definition of 

respirable dust with current aerosol science, OSHA proposes to adopt the ISO/CEN 

definition of respirable dust in place of the ―obsolete‖ 1968 ACGIH definition.  78 Fed. Reg. 

at 56444.  The ISO/CEN definition increases the particle size ―cut point‖ from 3.5 to 4 

microns – with the result that in most workplaces, more respirable crystalline silica will be 

collected under the ISO/CEN definition than under the 1968 ACGIH definition at the same 

exposure concentration.  See pp. 21-22, supra. While the difference between the two 

standards typically varies by as much as 20%, differences in excess of 30% have also been 

reported.  PEA at IV-20.  This difference has significant implications for OSHA‘s exposure 

profile and cost analysis because OSHA relied on exposure data reflecting the 1968 ACGIH 

475 
Environomics Report, Table 1. 

476 
78 Fed. Reg. at 56358 (construction and general industry); PEA at A-61 (hydraulic 

fracturing). 
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method. See URS Feasibility Report at 9.  As a result, OSHA has underestimated the number 

of workers currently exposed above the proposed PEL of 50 µg/m
3 

as measured using the 

ISO/CEN definition.  To correct this error, relying on data in the PEA, URS estimated the 

number of workers whose exposure would be below 50 µg/m
3 

under the ACGIH definition, 

but above 50 µg/m
3 

under the ISO/CEN definition by assuming that ISO/CEN measurements 

would be 20% higher than ACGIH measurements. See URS Feasibility Report at 9-10 

(citing PEA at IV-18-21, applying statistical analysis to workers exposed between 25 and 50 

µg/m
3 

in OSHA‘s engineering costs spreadsheets).  This materially increased the number of 

workers in general industry projected to be exposed above the proposed PEL.
477 

OSHA underestimates the number of control packages needed to comply with the 

proposed PEL by adopting an employee-based approach. In estimating the cost of complying 

with the proposed standard, OSHA applies an employee-based approach, which assumes 

multiple overexposed workers will be protected by each set of engineering controls.  OSHA 

frequently assumed that four overexposed workers would be protected by each set of 

engineering controls and, in some cases, assumed six or even eight workers were protected.  

PEA at V-16. As URS explains, ―facilities install engineering controls; thus the crucial 

factors in determining the nature and scope of engineering controls required in any given 

general industry sector are the number of facilities in that sector and the number of areas 

within a given facility where the employer would need to install the controls.‖  URS 

Feasibility Report at 4.  While URS believes that a facility-specific model would be the ideal 

477 3
URS did not apply the same conversion to evaluate exposures above 100 µg/m 

because the existing PEL is based on the ACGIH definition.  As a result, the costs needed to 

achieve compliance with the existing PEL are not affected by the adoption of the ISO/CEN 

definition.  See URS Feasibility Report at 10. 
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way to estimate compliance costs, the docket did not contain sufficient information for URS 

to utilize that procedure. Id. at 7.  Instead, URS modified OSHA‘s employee-based approach 

to better approximate the efficiency with which engineering control packages would protect 

overexposed workers.  In particular, URS found that OSHA‘s assumptions significantly 

overestimated the average number of workers protected by each engineering control package 

because many facilities—including virtually all small and very small entities—have fewer 

than four employees assigned to the job category and job site to which the engineering 

control package would apply.  Id. at 5.  Likewise, URS found that OSHA overestimated the 

number of facilities that operate two shifts per day. Id. To provide a more accurate estimate, 

URS created binomial distributions of the number of workers per facility and their work 

locations for large, small, and very small entities.  Id. at 7.  Using those distributions, URS 

recalculated the number of engineering control packages needed to protect all of the 

overexposed workers.  Id. at 7-8.  In addition, URS found that for some industries, 

overexposures above the proposed PEL would be sufficiently widespread that such facilities 

would be forced to implement engineering controls for all workers in a given job category, 

regardless of their individual exposure status. Id. at 8 (―[W]hen the number of overexposed 

workers exceeds a certain threshold, one is led to the practical conclusion that the existing 

control methods for a given job category at a facility are simply inadequate, and must be 

totally replaced or completely overhauled for all workers.‖). 

OSHA underestimated the unit costs of several engineering controls. Based on 

discussions with personnel from companies in affected industries and vendors of control 

technologies, URS concluded that OSHA underestimated the unit costs of several proposed 

engineering controls.  See URS Report at 12. (describing basis for revised costs).  For 
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example, OSHA‘s proposed engineering controls included abrasive blasting cabinets that are 

much smaller than those typically used by foundries.  As a result, OHSA greatly 

underestimated the maintenance costs associated with this control.  Id. A complete list of 

URS‘ adjustments to OSHAs‘ unit cost assumptions can be found in the URS Feasibility 

Report and supporting data.  Id.; URS Engineering Cost Model, Table 5, ―Changes to 

Engineering Controls used in URS Alternative Engineering Costs Model.‖ 

OSHA‘s local exhaust ventilation (―LEV‖) costs do not include necessary costs for 

engineered designs and renovation work. In estimating the costs of upgrading or installing 

LEV systems, OSHA relied on outdated ACGIH data that was not intended to address 

crystalline silica, particularly at concentrations as low as the proposed PEL and Action Level.  

See URS Feasibility Report at 11.  In particular, OSHA relied on sources which it asserted 

suggest a proposed PEL of 50 µg/m
3 

could be achieved with minimal changes to existing 

LEV systems.  Id.. However, plant operators interviewed by URS ―stated that compliance 

could rarely be achieved by bolstering existing LEV equipment with stronger motors.‖ Id. at 

13. Instead, to achieve the proposed PEL, LEV systems would require additional design 

work and careful planning for mass balance of air flow.  Id. (―[I]t is URS‘s experience, 

confirmed by industry plant operators, that old LEV systems would need to be removed, and 

a new system of ductwork, better shaped hoods, and reconstructed conveyor access points 

would need to be installed.‖)  After accounting for these additional design, material, and 

installation costs, URS applied conservative assumptions and determined that LEV capital 

costs would likely increase from OSHA‘s estimate of $12.38 per cfm to $22.00 per cfm or 

more.  Id.. 
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Several of OSHA‘s proposed engineering controls are insufficient or infeasible to 

achieve the proposed PEL. By consulting with other experts, URS determined that OSHA 

overestimated the effectiveness or feasibility of several engineering controls.  See URS 

Feasibility Report at 10-12. As a result, the engineering controls included in OSHA‘s cost 

estimates would be insufficient to achieve the PEL in all circumstances.  In some cases, URS 

was able to identify additional engineering controls and work practices that could be applied 

in order to achieve the PEL and incorporated the costs of those controls in its analysis.  For 

example, URS found that OSHA frequently underestimated the length of conveyors that 

would need to be covered to achieve the proposed PEL, noting that ―many mid-sized or 

larger foundries and structural clay facilities may have thousands of feet of conveyors used in 

their operations.‖ Id. at 14. Therefore, URS increased the total amount of covered 

conveyors needed.  Id. at 14-15. Likewise, URS determined that OSHA‘s proposal to replace 

compressed air with vacuum air was not a viable approach for industries which rely on 

compressed air in production, such as the foundry industry; accordingly, URS applied a 

flexible hooded duct LEV as an alternative control.  Id. at 14.  In other cases, additional 

engineering controls and work practices were not available.  For example, URS determined 

that LEV was not a practical control for concrete mixing operations because wet concrete 

would set up on the filters.  Id. In those cases, URS included the cost of respirators after 

concluding that alternative engineering controls were not available.  These additional 

engineering controls and increased reliance on respirators add to the total compliance costs 

for all general industry sectors and are reflected in the URS estimates of full and incremental 

costs. 
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OSHA failed to support its assumptions regarding the LEV air capture velocity and 

filtration needed to achieve the revised PEL. Relying on outdated ACGIH manuals that were 

not intended to address crystalline silica at concentrations as low as 50 µg/m
3
, OSHA 

assumed that only minimal changes in air capture velocity and filtration would be needed to 

reduce exposure from the existing PEL of 100 µg/m
3 

to the proposed PEL of 50 µg/m
3
. URS 

Feasibility Report at 12 (―[T]he ACGIH capture velocities used by OSHA were first 

developed and published many years ago, long before silica concentrations as low as the 

proposed 50 µg/m
3 

PEL and 25 mg/m
3 

AL were even contemplated by OSHA.‖). 

More recent data establishes that increasingly higher capture velocities and CFM are 

required for each incremental reduction in exposure.  Id. at 11, 14.  To account for this non-

linear relationship between LEV costs and exposure reductions, URS applied a conservative 

default assumption that halving the PEL would require doubling the CFM for each LEV 

system.  Id. at 14.  Based on available data and communication with focus industries, this 

assumption provided a reasonable and conservative estimate of the total CFM that would be 

needed to achieve a more stringent PEL.  Id. at 14 (―The change [in CFM assumed by URS] 

was smaller than the upper ranges of the ACGIH recommendations and also smaller than 

most of the specific suggestions made by industry representatives.‖).  Doubling the CFM 

estimates further added to the compliance costs for general industry; that additional cost is 

reflected in the URS cost model. 

OSHA erroneously assumes that high-cost engineering controls would be used to 

achieve compliance with the existing PEL. In cases where firms are not in compliance with 

the existing PEL, OSHA frequently asserts in the PEA that a series of engineering controls 

and work practices would be needed in order to achieve the proposed PEL.  The costs of the 
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engineering controls and work practices vary considerably, and in some cases, OSHA 

assumed (without supporting data) that non-compliant entities would apply high-cost 

engineering controls to meet the current PEL of 100 µg/m
3 

and then apply additional low-

cost controls to reduce exposures to the proposed PEL of 50 µg.m
3
. URS Feasibility Report 

at 16 (―In some instances, OSHA has designated the most expensive control as the one that is 

necessary to meet the 100 µg/m
3 

PEL.‖ (emphasis in original)).  For example, for sawyers 

and splitter/chippers in the stone cutting industry, OSHA assumed that high-cost pressurized 

water outlets, re-plumbing, floor grading, and drains would be installed to achieve the 100 

µg/m
3 

PEL, while low-cost options such as additional LEV and local wetting would be added 

to achieve a PEL of 50 µg/m
3
. PEA at IV-106; URS Feasibility Report at 17. 

This approach is fundamentally inconsistent with basic principles of economic 

decision-making, which dictate that the most cost-effective control measures would be 

applied first to achieve the existing PEL, with more costly alternatives being added only if 

the PEL is lowered.  Thus, as URS explained, ―[m]ore expensive controls would be added 

only after more cost-effective options have been exhausted.‖  URS Feasibility Report at 16.  

By assigning these higher-cost controls to achieving the existing PEL of 100 μg/m
3
, while 

assigning low-cost controls to further reducing exposures to 50 μg/m
3
, OHSA has artificially 

lowered the incremental compliance costs of moving from 100 μg/m
3 

to 50 μg/m
3
, even 

though a rational plant operator would do just the opposite.  Id. at 16 (―OSHA has used a 

sleight of hand maneuver to shift control costs to achieving the current PEL and distort the 

economic feasibility analysis for the proposed rule.‖).  URS adjusted the assignment of 

engineering controls so that low-cost controls were applied first to achieving the current PEL, 
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while high-cost alternatives were reserved for achieving the proposed PEL. Id. at 18.  This 

change properly reallocated substantial costs, as reflected in the URS cost estimates.  

OSHA overestimates the number of workers that can be covered by certain 

engineering controls. As described above, OSHA assumes that most engineering controls are 

capable of protecting multiple overexposed workers.  See PEA at V-16.  In the abstract, that 

can be a reasonable assumption, but if and only if there are multiple overexposed workers in 

a given job at a specific facility.  However, some assumptions OSHA made regarding the 

number of overexposed workers that a control would protect are physically impossible.  For 

example, OSHA assumes that enclosing the cabs for forklifts and front end loaders would 

protect four overexposed workers.  URS Feasibility Report at 5 (citing OSHA Model 

Workbook #7, Docket ID: OSHA-2010-0034-1781).  However, that assumption is physically 

impossible.  As URS explained, ―[a]ssuming that there are two shifts, each enclosed cab 

would be capable of protecting only two workers, not four as OSHA suggests.‖  Id. at 6.  

URS corrected this error by reducing the number of potentially protected workers per 

enclosed cab to two (assuming one worker per vehicle on each of two shifts).  Corrections to 

these and other instances where OSHA made similar errors are reflected in the increased full 

and incremental compliance costs for general industry estimated by URS. 

OSHA failed to account for trial-and-error inherent in achieving the revised standard. 

By simply listing a series of engineering controls and work practices that will be sufficient to 

achieve the proposed standard, OSHA ignores the fact that these are not ―off-the-shelf‖ 

controls that can be implemented seamlessly.  Instead, there are significant design 

requirements that often require modifications and fine-tuning through an iterative process, 

even after initial implementation.  As URS explains, ―facilities will engage in a trial and error 
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process, adding increasingly more costly controls and optimizing existing controls in an 

effort to reduce exposure below 50 µg/m
3
.‖  URS Feasibility Report at 19.  This trial-and-

error process can add significant costs to the implementation of engineering controls and may 

also require additional respirator use until facilities can ensure that the revised PEL can be 

achieved.  Understandably, these costs are difficult to predict and URS did not attempt to do 

so. Id.. However, these unaccounted for costs will be imposed on the affected facilities.  The 

exclusion of these costs from the URS cost model is another reason why URS‘s overall cost 

estimates are conservative. 

OSHA failed to account for the inherent variability in sampling data. As explained 

more fully in Section III.C. below, exposure monitoring samples taken at or below the 

proposed PEL will exhibit significant variability.  As a result, a single sampling result at, or 

just slightly below, the proposed PEL would not provide a high level of assurance that the 

workplace is in compliance with OSHA‘s never-to-be-exceeded exposure limit.  URS 

Feasibility Report at 6.  Instead, as URS explains, ―facilities must take a conservative 

approach and apply engineering controls whenever there is a risk that an employee may be 

exposed above the PEL.‖ Id. Thus, as a practical matter, each facility would have to target a 

mean silica concentration well below the PEL in order to attempt to ensure it is in 

compliance with the proposed standard.  URS found, however, that where OSHA identified 

―only a few sampling results slightly below 50 µg/m
3
, 
‖ 

the Agency considered that result to 

be sufficient evidence of technological feasibility, ―even if such results could not be 

consistently demonstrated.‖ Id. at 10.  Nonetheless, in most cases, URS did not enhance 

controls or make other adjustments to account for this anticipated sampling variability.  As in 

the case of the ―trial-and-error‖ costs, URS‘ decision to exclude these ―exposure variability‖ 
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costs from its analysis contributed additional conservatism to URS‘ own estimates of overall 

compliance costs. 

(2) OSHA Has Likewise Underestimated the Cost for 

General Industry to Comply with the Proposed 

Ancillary Provisions. _ 

In the proposed rule, OSHA includes a number of ancillary provisions with which 

employers must comply, in addition to adopting engineering controls and work practices.  

These include exposure monitoring, medical surveillance, worker training, designation of 

regulated areas, and the use of respirators for workers exposed above the PEL.  In addition, 

OSHA has indicated that facilities in various industry sectors likely will have to be 

professionally cleaned each year in order to maintain exposures below the proposed PEL.
478 

URS identified a number of flaws in OSHA‘s assumptions and analysis that result in a gross 

underestimate of the costs of the ancillary provisions.  Once all of the errors in OSHA‘s 

analysis are corrected, the costs of the ancillary provisions are found to be approximately 20 

times higher than OSHA‘s estimate.  See URS Feasibility Report Table 4A. 

First, OSHA adopted an overly optimistic assumption about the number of 

overexposed workers who will require respirators because engineering controls and work 

practices are insufficient to achieve the proposed PEL on a consistent basis.  More than 40 

years after OSHA first established the current PEL of 100 µg/m
3
, OSHA reports that 81,000 

workers in general industry and maritime (27% of silica-exposed workers in those categories 

covered by the rule) are still exposed above the current PEL.  PEA III-50.  Despite this long 

history demonstrating the challenges associated with reducing workplace exposures to 

478 
See PEA at IV-80, 83, 91, 92 (concrete products), IV-166, 168, 173 (foundries), IV-

232 (mineral processing), IV-245, 246, 247 (porcelain enameling), IV-262, 267, 270, 271 

(pottery), and IV-357, 365, 366, 367, 368, 369 (structural clay).  
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respirable crystalline silica, OSHA inexplicably assumes that if it cuts the current PEL in half 

under the proposed standard, only 10% of workers currently exposed above the proposed 

PEL of 50 µg/m
3 

would remain overexposed, meaning that only 12,247 workers would need 

respirators.  PEA V-32; 78 Fed. Reg. at 56352 (122,472 general industry workers currently 

exposed above 50 µg/m
3
). OSHA provides no evidence or rationale to support this 

assumption.  Given the history of overexposure to crystalline silica as measured against a 

PEL of 100 μg/m
3
, it is arbitrary, capricious, and fundamentally unreasonable for OSHA to 

assume that the rate of overexposures will fall by 90% when the PEL is cut in half.  In fact, 

the opposite seems more likely to be the case, since it will be much harder to comply with a 

PEL of 50 μg/m
3 

than a PEL of 100 μg/m
3
. Relying on this arbitrary and counter-intuitive 

assumption caused OSHA to significantly underestimate the number of overexposed workers 

who would be subject to continued monitoring, medical surveillance, and respirator use.  

URS Feasibility Report at 21 (continued monitoring), 22 (respirator use), 23 (medical 

surveillance).  

The arbitrary nature of OSHA‘s assumptions is exacerbated by OSHA‘s position that 

the PEL is a never-to-be exceeded standard, so that an employer is deemed to be out of 

compliance if an employee‘s exposure exceeds the PEL on any day it happens to be 

measured.  Thus, reducing average exposures to a level of 50 μg/m
3 

or below would not 

assure that respirators need not be worn in the workplace.
479 

Given the variability of 

exposure for most industrial facilities, the number of employees that would be required to 

comply with these ancillary provisions due to occasional overexposure would be significant.  

479 
To ensure compliance with a never-to-be exceeded standard and avoid the need for 

respirators, URS estimates that the 95
th 

percentile sampling measurements—not the average 

measurements—must be below the PEL.  URS Feasibility Report at 10. 
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For example, representatives from the foundry sectors believe that between the challenges 

associated with achieving the new PEL and OSHA‘s interpretation of the ―never-to-be 

exceeded‖ standard, as many as 60% of all foundry workers would be required to wear 

3 480
respirators to ensure that there are no instances of exposure above 50 µg/m . 

Recognizing these points, URS rejected OSHA‘s assumption that there would be a 

90% reduction in the overexposure rate when the PEL is reduced from 100 μg/m
3 

to 50 

µg/m
3
. Instead, URS assumed that the percentage of overexposed workers would be cut in 

half in each general industry sector, an assumption that is far more reasonable than OSHA‘s, 

yet is still quite conservative.  URS Feasibility Report at 21, 22.  The assumed overexposure 

rate varies by industry sector in the URS analysis to reflect the actual current exposure data.  

Id. Under URS‘ approach, the overall rate of overexposures requiring the use of respirators 

across general industry is approximately 13.5% at the proposed PEL of 50 μg/m
3

(i.e. one-

half of the 27% currently exposed over 100 µg/m
3
, see PEA III-50.). 

Second, URS identified significant ancillary costs that were excluded from OSHA‘s 

analysis.  In particular, OSHA mistakenly left out of its cost estimates the costs for 

professional cleaning, despite the fact that OSHA indicated that professional cleaning was 

necessary for several general industry sectors, including, among others, concrete products, 

mineral processing, pottery, and all of the foundry sectors.  URS Feasibility Report at 24.  

URS corrected this oversight by including professional cleaning costs for each general 

industry sector that was identified in the PEA as a candidate for professional cleaning.  Id., 

Table 4A, note 3; see also PEA at IV-80, 83, 91, 92 (concrete products), IV-166, 168, 173 

(foundries), IV-232 (mineral processing), IV-245, 246, 247 (porcelain enameling), IV-262, 

480 
See Comments of the American Foundry Society in Docket No. OSHA-2010-0034. 
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267, 270, 271 (pottery), and IV-357, 365, 366, 367, 368, 369 (structural clay).  Correcting 

this oversight on OSHA‘s part accounts for approximately 60% of the difference between 

OSHA‘s cost estimate for the ancillary provisions and the URS estimate.  See URS 

Feasibility Report, Table 4A, note 3. 

Third, OSHA underestimated the costs for initial monitoring by assuming, without 

any foundation in the record, that only one-quarter of workers in jobs where they are at risk 

of potential overexposure to silica would actually be monitored.  However, the proposed 

standard requires that every at-risk job should have at least one employee tested per facility 

per shift.  URS Feasibility Report at 20.  As URS explains, ―[m]any small and very small 

facilities do not have a total of  four workers in any at-risk job category, so that the 

proportion of workers in at risk jobs who will have to be monitored will be greater than one 

in four.‖ Id. After applying URS‘ exposure profile, the number of employees subject to 

initial monitoring was increased, particularly for very small and small facilities.  Id. at 20-21.  

Fourth, OSHA assumes a uniform 10-year amortization period for all ancillary costs, 

which URS determined was inappropriate for certain ancillary provisions.  For example, 

because OSHA requires initial exposure monitoring ―any time there is a major change in 

production or control equipment for a process,‖ URS applied a 5-year amortization period to 

better reflect the frequency with which such changes are likely to occur.  Id. at 21.  Likewise, 

because medical surveillance must occur every three years, ―URS shortened the time for 

annualizing the costs of medical surveillance from the ten years used by OSHA to three 

years.‖ Id. at 23.   

Fifth, while URS generally applied OSHA‘s per-unit costs for ancillary provisions, 

URS did make a few adjustments in cases where communications with industry 
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representatives indicated that OSHA had underestimated the actual, real-world costs of 

implementing the requirements.  For example, URS increased the time requirements for 

certified industrial hygienists (CIHs) to perform initial monitoring because ―OSHA made no 

allowance for the CIH to draw conclusions based on the sampling and to write reports.‖ 

URS Feasibility Report at 20.  Likewise, URS increased the training costs associated with 

small class sizes, id. at 23, and the number of visitors to regulated areas, id., to better reflect 

real-world conditions. 

After accounting for the flaws in OSHA‘s assumptions and analysis, URS determined 

that the expected costs for general industry to implement the ancillary provisions in the 

proposed rule were 20 times higher than OSHA‘s estimates.  For the 19 primary general 

industry sectors, the total expected costs for general industry to implement the proposed 

ancillary provisions increased from $36.4 million by OSHA‘s estimate to $777 million under 

the URS cost model.  See URS Feasibility Report, Table 4A.  

*  *  *  *  * 

In sum, when the costs to comply with the proposed rule are estimated properly, they 

are found to total more than $6 billion annually for 19 general industry sectors, an amount 

that is more than 40 times higher than the compliance cost of $132.5 million that OSHA 

estimated for all of general industry. Because OSHA has not constructed a reasonable 

estimate of compliance costs for the proposed standard, it cannot make a supportable 

determination that the proposed standard would be economically feasible in general industry. 
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2. OSHA Has Not Produced a Supportable Assessment of the Impact 

that the Proposed Standard Would Have on Affected General 

Industry Sectors. ___ ___ 

The URS analysis described above demonstrates that OSHA‘s estimate of compliance 

costs for 19 general industry sectors lacks any supportable basis.  OSHA‘s economic impact 

analysis compounds the flaws in its compliance cost estimate because it ignores an economic 

crisis that materially reduced the revenues and profits of virtually every industrial sector 

covered by the proposed standard.  As a result, OSHA‘s analysis systematically undervalues 

the economic impact that the proposed standard would have.  

To assess the economic impact of the proposed standard, the Panel retained 

Environomics, Inc. to evaluate OSHA‘s economic analysis, work with URS in developing 

corrected cost information, and prepare an economic impact assessment of the proposal.  As 

Environomics points out, OSHA‘s economic feasibility analysis arbitrarily relies on general 

industry sector revenues and profits in the years prior to 2007, immediately before the most 

devastating recession this country has faced since the Great Depression.  Specifically, OSHA 

uses as its revenue baseline data for 2006, while its profits baseline reflects the seven-year 

period from 2000 to 2006 that is arguably among the most successful periods for both 

construction and general industry.  Environomics Report at 8-9.  By selecting a pre-recession 

baseline period, which was the apex of economic prosperity for many general industry 

sectors, OSHA has minimized the real economic impact that would result from the proposed 

standard.  Data from those time periods are not representative of more recent revenues and 

profits for construction or for general industry.  The financial crisis and recession that 

followed had a profound effect on both the construction and manufacturing sectors 

(particularly those sectors that support the construction industry).  See id. at 8 (―Many of the 

regulated general industries produce largely construction materials and products . . . and 
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these industries have suffered from the economy-wide recession and the very sharp decline in 

construction demand for their products.‖) Further, the U.S. recession was not an isolated 

event; other economies, most notably in Europe, were affected in a comparable manner.  

Even in higher growth areas, such as China, the rate of growth slowed significantly over the 

same time span.  Thus the economic recession and related events reduced worldwide demand 

for many manufacturing products, reducing opportunities for export and intensifying global 

competition.  While the economy is beginning to recover it is nowhere near 2006 levels.  Id. 

at 9 (construction spending in 2013 was more than 20% less than in 2006). 

In essence, the recession set a new, lower baseline for revenues and profits, leaving 

general industry sectors much more vulnerable to regulations that would increase compliance 

costs.  Thus, a more realistic analysis of the expected feasibility and economic impacts of the 

proposed standard must consider more recent data that includes the financial crisis and at 

least a portion of the recession that followed.  Environomics has corrected part of this 

shortcoming in OSHA‘s analysis by updating the general industry profits baseline relied on 

by OSHA.  Unfortunately, OSHA‘s refusal to grant the full extension of time we and others 

requested has made it impossible for Environomics to update general industry revenue data 

in time for inclusion in these Comments.  The Panel hopes to be able to submit an economic 

feasibility analysis using updated general industry revenue data as time permits between now 

and the date of our appearance at the Public Hearing.
481 

481 
Environomics Report at 16.  Environomics also determined that OSHA‘s revenue 

estimates are inappropriate because OSHA makes inappropriate assumptions about the 

relationship between revenues and payroll.  Environomics intends to address that issue more 

fully in a future submission as well.  Id. at 15-16. 
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Meanwhile, as discussed below, even when the revised annualized cost estimates 

prepared by URS are compared to OSHA‘s inflated revenue and profit numbers, the 

compliance costs in many general industry sectors are found to exceed OSHA‘s revenue and 

profit thresholds, often by a wide margin.  Moreover, when the URS cost estimates are 

compared to updated profit data, the comparisons are even more dire – as in sector after 

sector, the proposed rule would threaten to consume all or very significant shares of general 

industry‘s profits.  This not only demonstrates the insufficiency of OSHA‘s economic 

analysis, but calls into question the economic feasibility of the proposed standard in general 

industry. 

Environomics evaluated the economic impact of the proposed standard by making a 

number of different comparisons, including: 

 Comparing URS‘ incremental cost estimate to OSHA‘s revenue data. 

 Comparing URS‘ incremental cost estimate to OSHA‘s profit data. 

 Comparing URS‘ incremental cost estimate to revised and updated profit data. 

 Comparing URS‘ full cost estimate to OSHA‘s revenue data. 

 Comparing URS‘ full cost estimate to OSHA‘s profit data. 

 Comparing URS‘ full cost estimate to revised and updated profit data. 

 Comparing OSHA‘ incremental cost estimate to OSHA‘s revenue data. 

 Comparing OSHA‘ incremental cost estimate to OSHA‘s profit data. 

 Comparing OSHA‘ incremental cost estimate to revised and updated profit data 

 Comparing OSHA‘s full cost estimate to revised and updated profit data 
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The results of this analysis, which are described in the Environomics Report
482 

and 

shown in Tables 3, 5, and 6 below, are markedly different from OSHA‘s conclusions in the 

proposed rule.  

a. Using Only Hypothetical Incremental Costs, the Economic 

Impact of the Proposed Standard Would Exceed OSHA’s 

Thresholds for Multiple General Industry Sectors. __ 

Comparison of URS‘ Incremental Costs to OSHA‘s Revenue and Profitability Data. 

Relying on URS‘ revised cost estimates, Environomics first compared URS‘ incremental 

costs of the proposed standard to OSHA‘s own revenue and profit data for each industry 

sector.  Most of the 19 general industry sectors evaluated by URS exceeded at least one of 

OSHA‘s thresholds.  For 13 of the 19 general industry sectors evaluated by URS, annualized 

incremental compliance costs would exceed 1% of revenues, while for 15 of the 19 general 

industry sectors, annualized incremental costs would exceed 10% of profits.  Data for 

industry sectors exceeding one or both of the thresholds are included in Table 3 below.  

Thus, based on the URS incremental cost data, OSHA, at a minimum, must conduct a 

more detailed analysis of the competitive structure and vulnerabilities of each of the sectors 

that exceed the annualized revenue or profit thresholds before it can make a final 

determination regarding the economic feasibility of the proposed standard.  See 78 Fed. Reg. 

at 56367.  However, given the degree to which OSHA‘s thresholds are exceeded in some 

sectors, OSHA should conclude that, for those sectors, the proposed standard is not feasible, 

even without further analysis.  In the Hexavalent Chromium case, OSHA determined that a 

standard was not economically feasible if the annualized costs exceeded 2.7% of revenues or 

65% of profits.  See Hexavalent Chromium, 557 F.3d at 172.  Here, eight of the general 

482 
Environomics Report at 14-15 & Tables 4, 5. 
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industry sectors exceed both of those thresholds even on an incremental annualized cost 

basis, thereby indicating that the proposed standard is prima facie infeasible.  See Table 3 

(sectors exceeding Hexavalent Chromium thresholds noted in bold).  Moreover, for six of 

those sectors, annualized costs exceed 100% of profits, suggesting quite directly that the 

proposed standard would surely ―threaten the existence or competitive structure of … [the] 

industry‖ or imperil its long-term profitability.
483 

Table 3:  Comparison of URS Incremental Costs to OSHA Revenue and Profit Estimates 

Industry Sector 

URS Incremental Costs 

as % of Revenue 

(OSHA estimate) 

URS Incremental 

Costs as % of Profits 

(OSHA estimate) 

Asphalt Paving Products 0.04% 0.56% 
Asphalt Roofing Materials 1.62% 21.61% 
Concrete Products 3.61% 55.62% 
Costume Jewelry 0.25% 4.25% 
Cut Stone 3.68% 67.01% 
Fine Jewelry 0.23% 3.97% 
Flat Glass 0.45% 13.08% 
Iron Foundries 9.02% 219.23% 
Mineral Processing 4.93% 89.83% 
Mineral Wool 1.19% 21.67% 
Nonferrous Sand Casting Foundries 13.30% 323.24% 
Non-sand Casting Foundries 11.34% 275.54% 
Other Ferrous Sand Casting 

Foundries 7.66% 186.29% 
Other Glass Products 0.51% 14.98% 
Paint and Coatings 0.27% 4.96% 
Pottery 14.29% 323.62% 
Ready Mix Concrete 1.35% 20.39% 
Refractories 2.68% 60.79% 
Structural Clay 8.13% 184.10% 

483 
Hexavalent Chromium, supra, 557 F.3d at 177 (3d Cir. 2009), quoting United 

Steelworkers, supra, 647 F.2d. at 1272. 
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b. Using the Full Costs of Compliance, the Proposed Standard 

Clearly Is Not Economically Feasible. ___ 

As described above, the actual economic feasibility of the proposed standard should 

be measured by including all costs that actually must be incurred to achieve the proposed 

PEL.  In cases such as this, where OSHA acknowledges widespread non-compliance with the 

existing PEL of 100 μg/m
3
, there is no basis for ignoring the costs that firms will have to 

incur to reduce exposures to that level.  In the PEA, OSHA specifically addresses the issue of 

non-compliance with the existing standard.  See PEA Table III-5.  The vast majority of job 

categories showed some exposure above the current PEL of 100 µg/m
3
. Id. As Table 4 

below shows, for 9 general industry job categories, at least half of the workers were exposed 

above the current PEL.  

Table 4: Job Categories With Overexposures Exceeding 50%; Data excerpted from PEA, Table III-5. 

Sector Job Category 100-250 µg/m3 > 250 µg/m3 % over-exposure 

Concrete Products Abrasive Blasting 

Operator 

26.7% 33.3% 60% 

Flat Glass Material Handler 33.3% 16.7% 50% 

Mineral Wool Material Handler 33.3% 16.7% 50% 

Other Glass 

Products 

Material Handler 33.3% 16.7% 50% 

Pottery Coatings Operator 32.4% 21.6% 54% 

Pottery Coatings Preparer 26.3% 31.6% 57.9% 

Ready Mix Truck Driver 0% 100% 100% 

Structural Clay Forming Line 

Operator 

28.6% 42.9% 71.5% 

Structural Clay Grinding Operator 28.6% 21.4% 50% 
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In total, OSHA estimates that 81,000 employees in the general industry and maritime 

sectors are currently exposed above the existing general industry PEL of 100 µg/m
3
. 78 Fed. 

Reg. at 56347; PEA at III-50. The costs to reduce exposures to 100 μg/m
3
, therefore, 

undoubtedly would have a significant impact on the competitive structure and even economic 

viability of several general industry sectors.  They should not be ignored. 

Comparison of Full Compliance Costs to OSHA‘s Revenue and Profit Data. In light 

of the potentially significant economic impact of those costs, Environomics also prepared an 

economic impact analysis that included the $6 billion in full compliance costs that URS 

determined would be incurred across 19 general industry sectors to comply with the proposed 

standard.  The results of that analysis, comparing the full costs of complying with the 

proposed standard in general industry to OSHA‘s own revenue and profit data for each 

industry sector, are shown in Table 5 below.  In this comparison, 13 of the 19 general 

industry sectors exceeded OSHA‘s revenue threshold, and 16 of 19 exceeded OSHA‘s profit 

threshold.  A more detailed analysis of these industries would be unnecessary here, given the 

magnitude of the full annualized costs the proposed rule would impose, even when compared 

to OSHA‘s inflated revenue and profit values – because nine of the 19 sectors exceed the 

thresholds for infeasibility applied in the Hexavalent Chromium case.  See Table 5 (sectors 

exceeding 2.7% of revenues or 65% of profits marked in bold).  Indeed, for several sectors, 

those thresholds are exceeded by more than an order of magnitude.  (Nonferrous Sand 

Casting Foundries (18.05% of revenues and 438.67% of profits), Non-Sand Casting 

Foundries (15.72% of revenue and 382.19% of profits), and Pottery (18.94% of revenue and 

429.02% of profits)).  The sheer magnitude by which these general industry sectors exceed 
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OSHA‘s own thresholds leaves no question that the high costs of the proposed standard make 

it economically infeasible in general industry. 

Table 5:  Comparison of URS Full Costs to OSHA Revenue and Profit Estimates 

Industry Sector 

URS Full Costs 

as % of Revenue 

URS Full Costs 

as % of Profits 

(OSHA estimate) 

Asphalt Paving Products 0.04% 0.56% 

Asphalt Roofing Materials 2.37% 31.60% 

Concrete Products 4.15% 63.88% 

Costume Jewelry 0.28% 4.88% 

Cut Stone 4.39% 80.05% 

Fine Jewelry 0.26% 4.56% 

Flat Glass 0.58% 16.90% 

Iron Foundries 12.76% 310.16% 

Mineral Processing 5.48% 99.91% 

Mineral Wool 1.42% 25.90% 

Nonferrous Sand Casting Foundries 18.05% 438.67% 

Non-sand Casting Foundries 15.72% 382.19% 

Other Ferrous Sand Casting 

Foundries 10.75% 261.39% 

Other Glass Products 0.70% 20.40% 

Paint and Coatings 0.32% 6.01% 

Pottery 18.94% 429.02% 

Ready Mix Concrete 1.39% 20.98% 

Refractories 2.93% 66.43% 

Structural Clay 11.70% 265.04% 

c. Updating and Correcting OSHA’s Profit Data Further 
Confirms that the Proposed PEL Clearly Is Infeasible. 

In order to obtain a more realistic picture of the economic impact that the proposed 

standard would have on affected industries, OSHA‘s pre-2007 revenue and profit baselines 

need to be updated and revised.  While Environomics has not yet had an opportunity to 

update the revenue data, it has been able to revise and update the profit data for general 

industry.  And, when the URS incremental and full annualized cost estimates are compared to 

the revised profit data, almost every industry sector is found to materially exceed OSHA‘s 
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10% profit threshold.  In fact, even when OSHA‘s own incremental cost estimates are 

compared to the revised profit data, three general industry sectors are found to exceed the 

10% profit threshold.  When OSHA‘s full cost estimates are compared to the revised profit 

data, seven of the general industry sectors exceed the 10% threshold.    

Environomics developed the revised and updated profit data for the 19 general 

industry sectors by making the following two changes in the data used by OSHA.
484 

First, 

Environomics updated OSHA‘s profit data (which covered calendar years 2000-2006) by 

adding data for calendar years 2007-2010, so that a total of 11 years of profit data (2000-

2010) are considered in the Environomics analysis.  This expanded baseline provides a far 

more robust view of the profitability of these general industry sectors over time, because the 

data set includes both the upswings and the downturns our economy has experienced in 

recent years.  Second, Environomics‘ profit calculations include both profits and losses.  In 

estimating industry profits, OSHA inexplicably excluded businesses that showed no profits 

or a deficit during a particular year.  It is hard to understand how a full and accurate picture 

of the effect of a proposed rule on industry sectors can be evaluated if OSHA cherry-picks 

only those facilities from within a sector that happen to show a profit.  Indeed, the firms that 

OSHA excluded from its analysis on this basis are precisely the ones that are most vulnerable 

to the financial stress that would result from having to comply with the proposed standard.  

484 
Environomics also noted that OSHA‘s reliance on the IRS Corporate Source Book 

was problematic because it organizes facilities by 4-digit NAICS codes that are much 

broader than the 6-digit NAICS codes OSHA uses in the Proposal.  See Environomics Report 

at 9-11.  Environomics intends to explore alternative sources that may provide profitability 

data at a more granular level, but there was insufficient time to complete that exercise before 

the filing deadline for these Comments. 
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By excluding the profit/loss results of those firms from its analysis, OSHA effectively has 

already altered the competitive structure of the industry. 

Using these updated and adjusted data, Environomics has prepared further 

calculations that compare URS‘ Incremental Costs, URS‘ Full Costs, OSHA‘s Incremental 

Costs, and OSHA‘s Full Costs estimates to the more robust profit data.  As detailed in the 

Environomics Report and shown in Table 6 below, these comparisons likewise establish that 

the proposed standard is economically infeasible for general industry as a whole.  

Specifically: 

 Using URS‘ incremental cost estimates,15 of the 19 general industry sectors 

exceed OSHA‘s 10% profit threshold, and 9 of them exceed the 65% profit 
threshold applied in the Hexavalent Chromium case.  

 Using URS‘ full cost estimates,15 of the 19 general industry sectors likewise 

exceed OSHA‘s 10% profit threshold, and 11 of them exceed the 65% profit 

threshold applied  in the Hexavalent Chromium case. 

 Using OSHA‘s incremental cost estimates, 3 of the 19 general industry sectors 

exceed OSHA‘s 10% profit threshold. 

 Using OSHA‘s full cost estimates, 7 of the 19 general industry sectors exceed 

OSHA‘s 10% profit threshold, and one exceeds the 65% profit threshold 

applied in the Hexavalent Chromium case.    

Table 6:  Comparison URS and OSHA Cost Estimates to Environomics‘ Revised Profit 

Estimates 

Industry Sector 

URS 

Incremental  

Costs as a % of 

Profits (revised 

profit estimate) 

URS Full 

Costs as a % of 

Profits (revised 

profit estimate) 

OSHA 

Incremental 

Costs as a % of 

Profits (revised 

profit estimate) 

OSHA Full 

Costs as a % of 

Profits (revised 

profit estimate) 

Asphalt Paving Products 0.59% 0.59% 0.04% 0.04% 

Asphalt Roofing Materials 22.76% 33.29% 0.58% 0.99% 

Concrete Products 165.63% 190.24% 4.56% 9.15% 

Costume Jewelry 6.75% 7.75% 0.81% 1.11% 

Cut Stone 184.14% 219.99% 11.55% 24.82% 

Fine Jewelry 6.31% 7.25% 0.68% 0.97% 

Flat Glass 19.46% 25.15% 0.33% 0.48% 

Iron Foundries 252.35% 357.01% 4.13% 10.03% 

Mineral Processing 246.85% 274.55% 9.81% 13.64% 
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Mineral Wool 59.55% 71.16% 0.90% 1.34% 

Nonferrous Sand Casting 

Foundries 372.06% 504.93% 5.20% 

12.56% 

Non-sand Casting Foundries 317.16% 439.92% 4.85% 11.74% 

Other Ferrous Sand Casting 

Foundries 214.44% 300.87% 3.32% 

8.05% 

Other Glass Products 22.30% 30.37% 0.97% 1.47% 

Paint and Coatings 6.38% 7.72% 0.04% 0.27% 

Pottery 1512.30% 2004.83% 23.04% 46.46% 

Ready Mix Concrete 62.04% 63.82% 2.55% 3.13% 

Refractories 284.08% 310.45% 4.51% 8.51% 

Structural Clay 860.31% 1238.54% 35.30% 95.56% 

In an effort to provide further support for its conclusion that the proposed standard is 

economically feasible, OSHA compares its annualized cost estimates to yearly variations in 

485 486
producer prices charged by general industries and their average profitability. By 

making these comparisons, OSHA implies that even if there were increases in costs and/or 

reductions in profitability due to the proposed RCS standard, the general industry sectors 

could still absorb those changes without undue impact on their continued existence.  These 

comparisons, however, are not sound economic analyses, and OSHA should not rely on 

them. The year-by-year changes in prices and profitability cited by OSHA include both 

increases and decreases and, therefore, say very little about the overall economic health of a 

particular industry or its ability to withstand a dramatic and sustained increase in compliance 

costs.  As Environomics explains, ―year-to-year fluctuations in an industry‘s profitability, or 

the lack of such fluctuations, are not particularly important to the industries‘ long-term 

economic health.  What is important is the longer-term trend in profitability, notwithstanding 

whatever fluctuations occur.‖  Environomics Report at 7.  In contrast to these yearly 

485 
PEA at VI-27-51, Tables VI-2 & VI-3. 

486 
PEA at VI-52-72, Tables VI-4 & VI-5. 
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fluctuations, the costs to comply with the proposed standard are annualized and thus will 

have a consistent, permanent negative effect on each facility‘s revenues and profits year after 

year.  Further, if facilities are faced with lower profits and revenues as a result of the 

proposed standard, they would have less capacity to tolerate large year-to-year swings in 

product prices and profitability. In sum, evidence of short-term volatility within an industry 

sector is of little value in projecting what will happen when a new regulation resets the 

baseline for profits and revenue. 

*  *  *  *  * 

In conclusion, OSHA has not demonstrated that the proposed standard is 

economically feasible for the vast majority of general industry sectors.  As discussed above, 

and as explained at greater length in the attached reports from URS and Environomics, 

OSHA‘s economic feasibility analysis grossly underestimates the cost of complying with the 

proposed standard and overestimates the revenues and profitability of the general industry 

sectors on which the compliance costs would be imposed.  Due to these analytical errors, 

OSHA lacks a supportable basis for determining that the costs of the proposed standard ―will 

not threaten the existence or competitive structure‖ of the affected general industry sectors or 

that those costs will not imperil the long-term profitability of those sectors. 
487 

At a 

minimum, OSHA must develop new and more realistic compliance cost estimates to evaluate 

the economic impact of the proposal on the various affected industry sectors.  However, 

based on the analyses conducted by URS and Environomics, additional study by OSHA may 

be superfluous, because it is clear that the costs of the proposed standard would far exceed 

487 
Hexavalent Chromium, supra, 557 F.3d at 177 (3d Cir. 2009), quoting United 

Steelworkers, supra, 647 F.2d. at 1272. 
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the profitability and revenue thresholds that OSHA applied in the Hexavalent Chromium 

proceeding to determine that a PEL being considered in that rulemaking would not be 

economically feasible.  This is true regardless of whether one uses the full costs of 

compliance in making the comparison to revenue and profits or uses only the hypothetical 

incremental costs in making the comparisons.  In either case, the results lead to the 

conclusion that a respirable crystalline silica standard having a PEL of 50 mg/m
3 

would not 

be economically feasible in most general industry sectors.     

C. The Proposed Standard Also Is Infeasible Because of Measurability 

Problems at Silica Concentrations of 50 μg/m
3 

and Below. ____ 

As OSHA acknowledges, for a standard to be technologically feasible, ―available 

methods for measuring worker exposures [must] have sufficient sensitivity and precision to 

ensure that employers can reliably evaluate compliance with the standard and that workers 

have a reasonably accurate assessment of their exposure to hazardous chemicals.‖
488 

Although OSHA would like to believe otherwise, there is in fact a serious question as to 

whether crystalline silica can be sampled and analyzed accurately, precisely and reliably at 

airborne concentrations below 100 μg/m
3
. This question is of particular concern because, as 

Steve Edwards of U.S. OSHA‘s Salt Lake Technical Center observes: "Sampling and 

analysis of crystalline silica present unique problems to the industrial hygienist."
489 

Those 

problems make it exceedingly difficult to measure reliably (with an acceptable degree of 

precision and accuracy) the small mass of silica that is collected by 8-hour personal sampling 

when airborne concentrations of respirable silica fall below 100 μg/m
3
. 

488 
PEA at IV-13. 

489 
Edwards, S.L., Crystalline Silica: Sampling and Analytical Issues. The Synergist 

(December 2000). 
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OSHA standards typically require that employers use a method of monitoring and 

analysis that has an accuracy of plus or minus 25 percent (+/- 25%) with a confidence level 

of 95 percent for measurements at airborne concentrations at or above the PEL.
490 

This 

reflects the NIOSH Accuracy Criterion, which ―requires that, over a specified concentration 

range, the method provide a result that differs no more than ±25% from the true value 95 

times out of 100.‖
491 

And, as NIOSH explains, the relevant concentration range for this 

purpose generally is ―a range of concentrations bracketing the permissible exposure limit 

(PEL)‖ – so that accuracy within 25% of the true value in 95% of measurements can be 

―assured both at levels below the PEL for possible use in action level determinations and, 

more significantly, at the PEL itself, where method results must be legally defensible.‖ 492 
In 

fact, this NIOSH ―accuracy criterion was devised as a goal for the development and 

acceptance of sampling and analytical methods capable of generating reliable exposure data 

for contaminants at or near the Occupational Safety and Health Administration‘s (OSHA) 

permissible exposure limits.‖
493 

490 
See, e.g., 29 CFR § 1910.1028(e)(6) (+/- 25% for Benzene);  29 CFR § 

1910.1025(d)(9) (+/- 20% at three-fifths of the PEL for Lead); 29 CFR § 1910.1027(d)(6) 

(+/-25% for concentrations at or above the action level for Cadmium); 29 CFR § 

1910.1026(d)(5) (+/-25% for concentrations at or above the action level for Hexavalent 

Chromium). 

491 
NIOSH Manual of Analytical Methods (January 15, 1998) at 36. 

492 
Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in NIOSH 

Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, Public Health 

Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) Publication 

No. 03-127, at 273. 

493 
See 61 Fed. Reg. 10012, 10013 (March 12, 1996). 
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To achieve 95 percent confidence that a measurement is accurate within a range of +/-

25%, the total coefficient of variation (CVT) or relative standard deviation (RSD) for 

exposure sampling and analysis combined must be no greater than 12.8%.
494 

Achieving that 

level of accuracy and precision ―requires sensitive and accurate sampling and analytical 

methods to detect and quantify crystalline silica in the presence of other types of dust.‖495 Using 

the Dorr-Oliver sampler with a flow rate of 1.7 liters/minute (as specified by OSHA Method 

ID-142), silica exposures below 100 μg/m
3 

cannot be reliably measured with that level of 

accuracy and precision – because the mass of silica collected in 8 hours at a flow rate of 1.7 

liters/minute (about 80 micrograms when the silica concentration is 100 μg/m
3
, 40 

micrograms when the silica concentration is 50 μg/m
3
, and 20 micrograms when the silica 

concentration is 25 μg/m
3
) is too small to perform accurate and precise measurements that 

meet the NIOSH accuracy criterion.  

OSHA seems to have recognized this point implicitly when it developed the present 

proposal.  Thus, the proposed standard – in contrast to OSHA‘s typical approach
496 

– does 

not require the use of a method of monitoring and analysis that has an accuracy of plus or 

minus 25 percent with a confidence level of 95 percent for measurements in the range of the 

494 
See Leidel, N.A. et al., Occupational Exposure Sampling Strategy Manual. DHEW 

(NIOSH) Publication No. 77-173 (1977) (Docket Item # OSHA-2010-0034-1490) at 78.  

CVT is calculated as the square root of the sum of the squares of the CV for sampling 

(generally assumed by OSHA to be 0.05 or 5%) plus the CV for the analytical method.  See 

id. at 81.  See also Leidel, N.A., Exposure Measurement Action Level and Occupational 

Environmental Variability. HEW Publication No. (NIOSH) 76-131 (1975) (Docket Item # 

OSHA-2010-0034-1501) at 3.  The 5% assumed CV for sampling covers expected sampling 

pump error (flow rate variability).  It does not encompass variability in the sampling process 

itself or inter-sampler variability. 

495 
PEA at IV-15 (emphasis supplied). 

496 
See 78 Fed. Reg. at 56448. 
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proposed PEL or action level. Instead, OSHA states that it is feasible to measure respirable 

crystalline silica exposures at the proposed PEL of 50 μg/m
3 

―with a reasonable degree of 

precision and accuracy.‖
497 

But it does not say what it considers to be ―sufficient sensitivity 

and precision‖ for these purposes or what is required for a measurement to be deemed 

―reasonably accurate‖ and to reflect ―a reasonable degree of precision and accuracy.‖ Only 

inferentially does OSHA suggest that laboratories should be able to produce results that are 

within +/-25% of the reference value in order to be said to ―achieve reasonably good 

agreement in their analytical results,‖ but it seems to have abandoned the requirement that 

they be able to do so with a confidence level of 95 percent for measurements at airborne 

concentrations at or above the PEL.
498 

Given the difficulties of sampling and analyzing 

crystalline silica accurately and precisely when exposure levels are in the range of 25 μg/m
3

-

50 μg/m
3
, OSHA‘s failure to get specific on these points is not surprising. 

The problems and limitations of sampling and analyzing such low airborne 

concentrations of crystalline silica are discussed at some length in a Report prepared by 

Sandra C. Wroblewski, CIH, of Computer Analytical Solutions.  A copy of her Report, 

entitled Silica Sampling and Analytical Concerns, is submitted as Attachment 10 hereto.   

The Report shows that it is not possible to measure crystalline silica exposures below 0.1 

mg/m
3 

reliably using the 37 mm cassette sampling protocol (10-mm Dorr Oliver cyclone) 

that is typically employed for that purpose in North America and the existing analytical 

methods—notably, X-ray Diffraction (―XRD‖), as exemplified by U.S. OSHA Method ID-

497 
Id. at 56446 (emphasis supplied). 

498 
See PEA at IV-38 (noting that labs in the PAT program came within +/-25% of the 

reference value just 80% of the time). 
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142 and NIOSH Method 7500, and Infrared Spectroscopy (―IR‖).  The highlights of the 

Wroblewski Report are as follows: 

 OSHA Analytical Method ID-142 references a Precision and Accuracy 

Validation Range of 50-160 g quartz per sample.  For a Dorr Oliver sampler 

with a recommended flow rate of 1.7 L/min, 50-160 g quartz per sample 

represents an air concentration range of 0.061 mg/m
3 

- 0.196 mg/m
3
. This may 

be an appropriate range to consider when evaluating method performance for an 

OEL of 100 μg/m
3
. But even the lower end of this range is higher than the 

proposed PEL of 50 μg/m
3 

and more than twice as high as the proposed action 

level, so Method ID-142 has not even been tested for validation in a range 

relevant to what OSHA has proposed here. 

 OSHA‘s Inorganic Methods Protocol states that a validated method must have a 
pooled CV1 (coefficient of variation) of 0.07 or less for data in the range of 0.5 x 

the OEL to 2 x the OEL. OSHA ID-142 references a CV1 of 0.106 for loadings 

in the range of 50 g to 160 g of quartz.  Thus, OSHA ID-142 does not appear 

to be acceptable even for an PEL of 100 μg/m
3
, let alone for a PEL of 50 μg/m

3 

and an action level of 25 μg/m
3 

where the CV1 presumably would be higher than 

0.106. 

 OSHA‘s Inorganic Methods Protocol states that the quantitative detection limit 

for an analytical method should be less than 0.1 times the PEL (or the mass 

equivalent of the PEL).  For a PEL of 50 μg/m
3
, the quantitative detection limit 

would have to be 4 micrograms of quartz (assuming an 8-hour sample is 

collected at a flow rate of 1.7 L/min).  OSHA ID-142 lists a quantitative 

detection limit of 10 micrograms for quartz.  That value is 2½ times higher than 

the detection limit that would be required for a PEL of 50 μg/m
3
. 

 NIOSH‘s goal for analyses of silica under the Proficiency Analytical Testing 
(―PAT‖) Program is a Relative Standard Deviation (―RSD‖) of <15%.  The RSD 

for silica in PAT Rounds 71-138 ranges from 15.3% to 45.4%.  For the more 

recent subset of these PAT rounds (Rounds 98-138), the range was 15.3% to 

37%.   Even in Rounds 130-133, the range of RSDs was 16% to 33%.  All of 

these are above the target RSD of <15%.   Moreover, the PAT sample weight 

range is 50-175 g/filter.  At a flow rate of 1.7 L/min, this represents a working 

range for airborne concentrations of 61 μg/m
3
- 0.214 mg/m

3
. So, even for silica 

samples that are well above the concentration range that would be relevant to a 

PEL of 50 μg/m
3
, PAT Program results consistently show RSDs that are well 

above the level NIOSH considers acceptable. 

 NIOSH researchers analyzed silica data from PAT Rounds 101-132 (1990-1998).  

Based on an analysis of reported measurements by the reference labs, the NIOSH 

researchers found that the overall intra-laboratory CV for XRD analytical 

methods in these rounds was 0.165, while for IR methods it was 0.166.  These 
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CV values are based solely on analytical variance; they do not reflect sampling 

error, since the participating labs received pre-loaded filters from the generating 

lab. Assuming a 5% sampling error, and applying the formulas used by NIOSH 

to calculate method performance, the ―Overall Precision‖ of XRD based on these 
data would be 17.2% and the ―Accuracy‖ would be ±34%. The comparable 
values for IR would be 17.3% and ±34%.  These are well above the values that 

OSHA would deem to reflect reliable and reproducible measurements of 

crystalline silica.  Yet the mass of silica analyzed in the PAT studies was 

considerably greater than the mass that would be collected when airborne 

concentrations are at the level of 50 μg/m
3 

(assuming an 8-hour sample is 

collected at a flow rate of 1.7 L/min).  

 In their analysis of silica data from PAT Rounds 101-132 (1990-1998), NIOSH 

researchers found that all estimates of intra- and inter-laboratory variability 

tended to rise at low sample loadings, with the range of 60-80 g silica per 

sample being a significant cut-point.  At a flow rate of 1.7 L/min, 60-80 g silica 

is equivalent to 8-hour exposure to a silica concentration of 74 μg/m
3 

- 98 μg/m
3
. 

Thus, the NIOSH analysis indicates there would be a significant increase in 

measurement variability for a PEL of 50 μg/m
3
. 

 For PAT Rounds 124-139, the average RSD (Relative Standard Deviation) with 

outliers excluded was 24.6 for XRD methods and 21.1 for IR methods.  For silica 

loadings in the range of 50 g - 69 g (the lowest range analyzed), the average 

RSD with outliers excluded was 27.8 for XRD methods and 22.7 for IR.  These 

RSD values reflect only analytical variability, since PAT Program participants 

are provided with pre-loaded filters.  Even so, they clearly are unacceptably high.  

And, of course, they would be higher still if the mass of silica being analyzed 

reflected 8-hour sampling of respirable silica concentrations in the neighborhood 

of 50 μg/m
3 

(where the resulting silica mass would be roughly 40 g). 

As the Wroblewski Report shows, the PAT Program results and the performance data 

that U.S. OSHA provides for Method ID-142 indicate that current sampling and analytical 

methodologies do not provide a basis for reliably measuring airborne silica concentrations at 

a level of 50 μg/m
3 

with an acceptable degree of accuracy and precision. Accordingly, 

compliance (or non-compliance) with the proposed PEL of 50 μg/m
3 

and with requirements 

triggered at the action level of 25 μg/m
3 

could not be determined with a reasonable level of 

confidence.  
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Experts in crystalline silica analysis at NIOSH explain some of the reasons for this.  

They note that "[t]he measurement of airborne crystalline silica can be challenging" – in part 

because of the difficulties associated with sample preparation (including complex procedures 

to reduce mineral interferences and re-depositing the sample on an analytical filter), the need 

for appropriate calibration, and the choice of standard reference materials.
499 

"Redeposition 

of the sample [which occurs in NIOSH 7500; OSHA ID-142; MSHA P-2] is difficult to 

perform at low sample loadings."
500 

And it is important to match particle size and phase 

purity of calibration standards with field samples in order to minimize analytical bias (e.g., 

the infrared absorption response is particle size dependent, increasing as particle size 

decreases).
501 

In short, as NIOSH points out: ―Accurate and sensitive measurement of 

crystalline silica is complex. A high degree of attention is required throughout the 

analysis.‖
502 

Moreover, ―[a] high level of analyst expertise is required to optimize instrument 

parameters and correct for matrix interferences either during the sample preparation phase or 

the data analysis and interpretation phase.‖
503 

For these reasons, among others, the NIOSH 

experts conclude that "current analysis methods [NIOSH 7500; OSHA ID-142; MSHA P-2] 

do not have sufficient accuracy to monitor below current exposure standards‖ (which are an 

499 
Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in NIOSH 

Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, Public Health 

Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) Publication 

No. 03-127, at 266. 

500 
Id. 

501 
See id. 

502 
Id. at 275. 

503 
Id. at 270. 
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OSHA PEL of 100 μg/m
3 

and a NIOSH REL of 50 μg/m
3
) using a 1.7 L/min Dorr-Oliver 

cyclone sampler.
504 

NIOSH‘s concern about the ability to measure silica concentrations accurately and 

reliably at levels in the neighborhood of 50 μg/m
3 

was echoed by a Working Group of the 

International Organization for Standardization (ISO), which noted that it is becoming 

increasingly difficult for current methods and instruments to accurately and reliably measure 

new, lower exposure limits where the mass measured on the filter is <50 micrograms.
505 

As 

the Working Group observes, analysis of silica mass at that level (which is about the mass 

collected in 8-hour sampling at 2 liters/minute where the air concentration is 50 μg/m
3
) 

results in relatively large measurement errors (>25% at 2 sigma).
506 

Thus, the sensitivity of 

some measurements on samples of air with a concentration <50 μg/m
3 

using current 

sampling apparatus at about 2 L/minute is poor.
507 

Furthermore, the Working Group points 

out, the analysis also becomes more problematic at that level because the analyst cannot be 

confident about the presence of silica unless additional confirmatory evidence is available.
508 

No wonder the British Health and Safety Commission observed: ―Due to the limitations of 

504 
Id. at 265. 

505 
See Stacey, P. et al. (ISO Working Group ISO/TC146/SC2/WG7), An International 

Comparison of the Crystallinity of Calibration Materials for the Analysis of Respirable 

alpha-Quartz Using X-Ray Diffraction and a Comparison with Results from the Infrared KBr 

Disc Method.  Ann. Occup. Hyg. 2009; 53: 639-649. 

506 
See id. 

507 
See id. 

508 
See id. 

- 205 -



 

 

 
  

  

    

  

 

  

 

 

  

 

 

  

  

    

  

    

    

   

  

                                                 

   

    

 

 

   

 

    

 

current methods for airborne measurement, it may be difficult . . . to enforce a WEL 

[workplace exposure limit] of 0.05 mg/m
3
.‖

509 

To justify its contention that RCS exposures can be measured reliably and accurately 

with an acceptable degree of precision at an exposure level of 50 μg/m
3
, OSHA makes a 

number of arguments, none of which withstands analysis. To begin, OSHA contends that 

analytical methods have sufficient sensitivity to measure the mass of respirable silica that 

would be collected by a cyclone sampler in 8-hour sampling at a flow rate of 1.7 

liters/minute when the RCS exposure is 50 μg/m
3
, i.e., a silica mass of approximately 40 μg, 

and when the RCS exposure is 25 μg/m
3
, i.e., a silica mass of approximately 20 μg. OSHA‘s 

Method ID-142 has a stated Limit of Quantification (LOQ) of 10 μg for quartz and 30 μg for 

cristobalite.  Since these LOQs are less than 40 μg (and, in the case of quartz, less than 20 

μg), OSHA contends ―that the XRD and IR methods of analysis are both sufficiently 

sensitive to quantify levels of quartz that would be collected on air samples taken from 

concentrations at the proposed PEL and action level.‖
510 

But, according to OSHA: ―The 

LOQ is the lowest amount of analyte that can be reliably measured in a sample with acceptable 

analytical precision and recovery,‖511 – and OSHA has provided no data to indicate that 

analytical precision and recovery are acceptable when the mass of silica analyte is 10 μg.  The 

fact that silica can be detected (and perhaps even quantified to a limited extent) when the mass is 

10 μg does not mean it is being reliably measured with acceptable analytical precision and 

509 
British Health and Safety Commission, Control of Substances Hazardous to Health 

Regulations 2002 (as amended 2005) - Proposal for a Workplace Exposure Limit for 

Respirable Crystalline Silica: Consultative Document at 15. 

510 
See PEA at IV-32. 

511 
Id. (emphasis supplied). 
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recovery. Furthermore, while the theoretical LOQ or limit of detection (LOD) may be at the 

level stated in the Method when a pure silica standard is being analyzed under ideal conditions of 

method development ―where substances that interfere with the analysis are not present,‖ the 

actual LOQ and LOD in the real world is likely to be higher – as ―the presence of interferences 

increases the potential error because additional measurements have to be made to compensate 

for changes to the background under the measurement peak or changes to the peak profile 

because of coinciding peaks (Stacey, 2007).‖512 A recent laboratory performance study 

discussed at pages 219-223 below also calls into question the putative LOQ and LOD values 

referenced by OSHA.  In that study, the laboratories reported non-detected levels of silica for 

34% of the filters having silica loadings of 20 micrograms or more. 

OSHA next attempts to show that the sampling and analytical methods have acceptable 

precision when measuring the 40 μg and 20 μg mass equivalents of 8-hour exposure at the 

proposed PEL of 50 μg/m3 and the proposed action level of 25 μg/m3. But its efforts to make 

such a showing fall well short of success.  For one thing, there is confusion as to what the 

relevant metric should be.  OSHA begins with the following statement: 

The term precision refers to the amount of random error or variation in replicate 

measurements of the same sample, and is often expressed as a standard deviation 

about the mean of the measurements (denoted as ST). When random errors are 

normally distributed, a 95-percent confidence interval can be calculated [as the 

mean ± (1.96 x the standard deviation)]. . . . The relative standard deviation 

(RSD), calculated by dividing the standard deviation by the mean for a data set, is 

often used to estimate error for analytical methods. The RSD is also known as the 

coefficient of variation (CV).513 

512 
See Comments of Cardno ChemRisk on OSHA‘s Discussion of the Adequacy of 

Sampling and Analytical Methods for Measuring Respirable Crystalline Silica at Exposure 

Levels of 25 and 50 μg/m
3 

(―Cardno Comments‖), January 27, 2014, at  4, 5.  The Cardno 

Comments are submitted herewith as Attachment 11. 

513 
PEA at IV-33. 
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OSHA then goes on to refer to another ―statistic called the Sampling and Analytical Error 

(SAE) [which is used] to estimate the precision of air sampling and analytical methods to assist 

compliance safety and health officers (CSHOs) in determining compliance with an exposure 

limit.‖514 In contrast to the term ―precision‖ – which is calculated as a two-sided 95-percent 

confidence interval – the SAE is calculated as a one-sided 95 percent confidence limit.  Use of a 

one-sided 95 percent confidence limit in calculating the SAE may be understandable, since its 

purpose is ―to assist compliance safety and health officers (CSHOs) in determining compliance 

with an exposure limit,‖ a situation in which precision is relevant in only one direction – i.e., to 

determine whether the exposure limit has been exceeded and to do so on a statistical basis that 

can be supported if it is challenged before the Occupational Safety and Health Review 

Commission or in court. But in determining the precision of an analytical method, variability in 

both directions is relevant, because a reported analytical measurement may be either high or low 

– so a two-sided 95-percent confidence interval is appropriate. The same is true in the case of 

exposure measurements being made by an employer – i.e., it is just as important for the employer 

to have confidence that the reported measurement is not inaccurately low as to know that it is not 

inaccurately high; otherwise, the employer could be overexposing his workers without knowing 

it.  The NIOSH Accuracy Criterion reflects this point, specifying that ―accuracy and precision is 

+25% at a 95% confidence, which indicates the need for a two-sided confidence limit.‖
515 

Accordingly, OSHA should not use the SAE ―when making statements about the existing 

514 
See id. (emphasis supplied). 

515 
Cardno Comments at 5. 
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sampling and analysis methods being sufficiently sensitive and precise,‖ because, as OSHA 

calculates that statistic, it is not an appropriate measure of precision.516 

To support its contention that accuracy and precision remain acceptable down to silica 

filter loadings of 20 μg (equivalent to exposure concentrations of 25 μg/m3), OSHA relies almost 

entirely on a single study conducted at its Salt Lake Technical Center (SLTC) lab in March 2013.  

OSHA describes the study as follows: 

For quartz, two sets of 10 replicate filters were prepared with loadings of 21.0 

and 40.6 μg using NIST standard quartz reference material SRM 1878a. For 

cristobalite, filter loadings of 20.0 and 40.0 were prepared using NIST SRM 

1879a. The spiked filters were prepared and analyzed at SLTC using a Rigaku 

ultraX 18-kilowatt (kW) rotating-anode X-ray diffractometer. The mass of 

crystalline silica detected on the filter was quantified based on the area of the 

primary peak (i.e., the most sensitive peak) as compared with a standard 

calibration curve. The results for this test are shown in Table IV.B-6. The 

RSD (CV1) for the filters with 40 μg of quartz is 0.073, and the RSD for filters 

with the nominal 20 μg loading of quartz is 0.086.
517 

The associated precision values at the 95
th 

percentile confidence level were 17% for the 40 

μg quartz loadings and 19% for the 20 μg quartz loadings. OSHA‘s reliance on this single 

study at the SLTC lab to support its claim of acceptable accuracy and precision down to 

exposure concentrations of 25 μg/m3 is misplaced for several reasons.  

First, the March 2013 SLTC study was conducted on pure NIST standard quartz and 

cristobalite reference materials deposited directly on filters which were then prepared for 

analysis by an analyst who was aware that he was conducting a laboratory performance study 

with the aim of achieving the least variability and the best possible precision value. No 

516 
See Cardno Comments at 3, 5-6; Comments of URS Corporation on the Analytical 

Methods Discussion in OSHA‘s Notice of Proposed Rulemaking for a Crystalline Silica 
Standard and in the Associated Preliminary Economic Analysis (PEA) Document, February 

7, 2014 (―URS Measurability Comments‖) at 7-8. The URS Measurability Comments are 

submitted herewith as Attachment 12. 

517 
PEA at IV-34. 
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interfering materials that simulate actual samples were added, and no actual sampling was 

involved.  Moreover, no other processes or analytical procedures were applied to any of the 

test samples such as those that would be used to remove interferences from sample matrices.  

Thus, there was no acid washing and no use of secondary or tertiary XRD angles to eliminate 

interferences.  In addition, all of the samples for this study appear to have been analyzed 

together, or within a short time of each other (in March, 2013).  Samples analyzed on the 

same day or within a few days of each other likely would be analyzed against the same 

calibration curve, likely would be prepared from the same stock standards as used for the 

calibration of the instrument, and likely would be analyzed by the same analyst.  These 

features of the March 2013 SLTC study mean that the results of the study are not 

representative of the variability that can be expected in the analysis of real industrial samples 

in which the silica is embedded in a matrix of interfering minerals and is not analyzed as part 

of a lab performance study.
518 

Indeed, OSHA itself seems to recognize the distinction 

between this single lab performance study and the additional issues that characterize the 

analysis of real world samples. ―Special handling procedures are required during the 

collection, preparation, and analysis of samples to avoid or to correct for interferences that 

can result in either an overestimation or underestimation of the quantity of crystalline silica 

present on the sample filter.‖
519 

NIOSH, as noted above, makes this point as well, 

518 
See Cardno Comments at 11-12; URS Measurability Comments at 1, 4-8. 

519 
PEA at IV-25.  See also id. at IV-29 (―Interferences from silicates and other minerals 

can affect the accuracy of IR results. The electromagnetic radiation absorbed by silica in the 

infrared wavelengths consists of broad bands. In theory, no two compounds have the same 

absorption bands; however, in actuality, the IR spectra of silicate minerals contain silica 

tetrahedra and have absorption bands that will overlap. This can be a serious limitation 

because 90 percent of the minerals in the Earth‘s crust contain silica tetrahedra that will 

interfere with the analyses of crystalline silica.‖). 
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emphasizing that complex procedures must be followed to reduce mineral interferences and 

that a high level of analyst expertise is required.
520 

Second, the March 2013 SLTC study ―fails to account for several sources of 

analytical error, including: 

 Effect of differences in particle sizes on the analysis of silica by XRD and IR 

methods (Bhaskar et al., 1994; Kauffer et al., 2002; Ferg et al., 2008; Stacey et 

al., 2009); 

 Effect of potential interferences on the XRD and IR analysis methods (Eller et 

al., 1999; Stacey, 2007); 

 Effect of inter -laboratory differences in sample preparation, calibration 

standards, and implementation of the XRD and IR methods (NIOSH, 1995; Eller 

et al., 1999; Stacey et al., 2003; Stacey, 2007; Stacey et al., 2009), and; 

 Effect of intra-laboratory differences in sample preparation and analysis caused 

by differences between analysts and variability in analysis runs (NIOSH, 1995; 

Eller et al., 1999; Stacey et al., 2003).‖
521 

Indeed, OSHA itself acknowledges that the SLTC study does not capture inter-laboratory 

variability, which is ―[a]nother source of error that affects the reliability of results obtained from 

sampling and analytical methods.‖522 

Furthermore, the results of this one special study involving just ten samples at each 

loading level appear to be an aberration even for the SLTC lab, as indicated by the results of 

520 
See Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in 

NIOSH Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, 

Public Health Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) 

Publication No. 03-127, at 270. 

521 
Cardno Comments at 9-10. In addition, ―because only the XRD method was used, 

the SLTC evaluation fails to account for the analytical error associated with differences 

between the two methods [XRD and IR], which has been identified in the scientific literature 

(Bhaskar et al., 1994; Eller et al., 1999; Kauffer et al., 2002; Kauffer et al., 2005; Ferg et al., 

2008).‖ Id. at 10. 

522 
See PEA at IV-35. 
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longer term quality control tests at the SLTC and a performance study conducted in 2010.
523 

Thus, while the CV1 for quartz was 0.073 for the 40 μg silica loadings and 0.086 for the 20 

μg silica loadings in the March 2013 performance study, the SLTC lab‘s average CV1 for 

quartz analysis over a range of 50-300 μg per sample from February 2007 through July 2010 

was 0.129, while at loadings of 50-60 μg per sample, it was 0.144 over a comparable 

period.
524 

If one assumes just 5% pump flow rate variability, neither of these CV1 values 

produces a result meeting the NIOSH Accuracy Criterion, which effectively requires that the 

CVT for exposure sampling and analysis combined must be no greater than 12.8%.
525 

OSHA‘s formula for calculating precision at the 95% confidence level is as follows:
526 

Applying that formula to the average CV1 of 0.144 that the SLTC lab reported for silica 

loadings in the range of 50-60 μg per sample and using a conservative CV2 of 0.05, the 

precision of the SLTC lab is found to be 30%, which surely is not acceptable.  Yet the 

variability reflected here clearly is significantly lower than what would be expected in the 

analysis of real world samples containing interferences, because these CV1 values are all 

based on analysis of quality control samples consisting solely of NIST-certified quartz 

standards.  Moreover, the sampling range is above the range that is relevant at a PEL of 50 

523 
See URS Measurability Comments at 8-10. 

524 
See PEA at IV-34. 

525 
See Leidel, N.A. et al., Occupational Exposure Sampling Strategy Manual. DHEW 

(NIOSH) Publication No. 77-173 (1977) (Docket Item # OSHA-2010-0034-1490) at 78.  

CVT is calculated as the square root of the sum of the squares of the CV for sampling 

(generally assumed by OSHA to be 0.05 or 5%) plus the CV for the analytical method.  See 

id. at 81.  

526 
See PEA at IV-35. 
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μg/m
3 

and an action level of 25 μg/m
3
, where the associated silica mass values are in the 

range of 20-40 μg. 

Even higher CV1 (or RSD) values were obtained in a performance study conducted 

by the SLTC lab in 2010. In that study, the RSD values for the 40 μg silica loadings ranged 

from 0.128 to 0.162 on one instrument and from 0.134 to 0.226 on the other.
527 

For the 20 

μg loadings, the RSD values ranged from 0.161 to 0.174 on one instrument and from 0.216 to 

0.287 on the other.
528 

At the 40 μg loading, using a CV2 value of 5% with the RSD for the 

primary analytical line of the Rigaku XRD system yields a precision value of 27%; the 

comparable precision value at the 20 μg loading level is 33%.
529 

Again, this was a laboratory 

performance study using NIST-certified standard material without any interferences, so the 

results should reflect better precision than what can be expected when real world industrial 

samples are being analyzed.  Even so, the precision reflected in this study clearly is not 

acceptable. 

But the precision is even worse than this – because, as pointed out in the Cardno 

ChemRisk Comments, the 5% value that OSHA has used ―to account for variability in 

sampling pump flow rates accounts for only a portion of the potential sampling error.  

Sampling error can occur from multiple sources other than just pump flow rate variability, 

including: 

 Variability in the performance of different cyclones (Gautam and Sreenath, 1997; 

Gorner et al., 2001; Verpaele and Jouret, 2012); 

527 
See Silica Precision Data attached to a cover note from Warren Hendricks to Bill 

Perry, Docket item # OSHA-2010-0034-1670. 

528 
See id. 

529 
See Cardno Comments at 9, Table 1. 
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 Performance of the cyclone with different dust particle sizes for a single dust 

species, with different dust species, and with a real world multispecies 

environment (Gautam and Sreenath, 1997; Vincent, 2007; Kulkarni et al., 2001; 

Verpaele and Jouret, 2012); 

 Effect of loading/cleaning on cyclone performance (Lodge, 1988; Vincent, 

2007), and; 

 Effect of the electrostatic properties of dust (Lodge, 1988; Vincent, 2007).‖
530 

As explained by Cardno ChemRisk, the combined sampling variability (CV2) 

attributable to the various sampling factors can be estimated using the following equation, 

which accounts for pump flow rate variability, intersampler variability, and sampler type 

variability:
531 

When this more realistic value of 9.3% (0.093) is used for CV2, the precision values of all the 

studies referenced by OSHA increase even further
532 

– making it even more obvious that 

sampling and analytical precision at exposure levels of 50 μg/m
3 

and below is unacceptable 

and that measurements of worker exposures at those levels will be unreliable. 

The foregoing points all relate to variability within a single lab, analyzing a known 

loading of pure silica reference standard material without any interfering minerals.  In this 

sense, the precision results represent the absolute best case of intra-laboratory variability.  

Even so, the precision, as discussed above, is not acceptable; yet it represents only part of the 

variability that is expected when – as in the real world – samples are analyzed by different 

530 
Cardno Comments at 7. 

531 
See id. at 8. 

532 
See id. at 8-9 & Table 1. 
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laboratories.  To quote OSHA: ―Another source of error that affects the reliability of results 

obtained from sampling and analytical methods is inter-laboratory variability, which 

describes the extent to which laboratories would obtain disparate results from analyzing the 

same sample.‖
533 

So, even OSHA acknowledges that the results of sampling at its SLTC lab 

do not reflect the full extent of variability in the sampling and analysis of silica.  To get a 

more complete picture, one must look elsewhere – and, as OSHA points out:  ―The best 

available source of data for characterizing total variability (which includes an interlaboratory 

variability component) of crystalline silica analytical methods is the American Industrial 

Hygiene Association (AIHA) PAT program.‖
534 

Results from earlier rounds in the PAT program were discussed above in the context 

of the Wroblewski Report, which showed that precision in these earlier rounds was 

unacceptable for measuring RCS exposures reliably even at concentrations well in excess of 

the proposed PEL. In its analysis of more recent PAT rounds 156-165, encompassing the 

time period from April 2004 to June 2006, OSHA found that the pooled RSD for 

participating laboratories was 19.5% – and even that value is something of an understatement 

because for most of the period, AIHA artificially limited the maximum individual laboratory 

RSD values to 20%.
535 

Even so, using OSHA‘s formula  

and assuming just 5% sampling variability for CV2, precision at the 95% confidence level 

based on the RSD of 19.5% is 39.5%.  When precision is that poor, measurements of silica 

exposure will not be reliable. And, of course, the silica filter loadings in these PAT rounds 

533 
PEA at IV-35.  See also Cardno Comments at 11. 

534 
PEA at IV-35. 

535 
Id. at IV-37. 
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were far higher than the silica loadings that would have to be analyzed for exposures of 50 

μg/m
3 

and below.  Recently, Cardno ChemRisk analyzed the results for silica sample 

loadings in the range of 40-70 μg in PAT rounds 156-180 and found that the precision values 

ranged from 37% to 40%, depending on whether CV2 was assumed to be 5% or 9.3%.
536 

So 

there has been relatively little improvement in these more recent rounds.  And in all PAT 

rounds, the laboratories are aware that they are participating in a certification performance 

test, so every precaution will be taken to assure that the results reported are the very best that 

the laboratory is capable of achieving. 

OSHA claims that the results for PAT rounds 156-165 show that precision was as 

good at the lower range of filter loadings (49-70 μg) as at the higher range. 537 
In fact, 

however, the data show no such thing.  OSHA made a computational error. While over the 

full range of filter loadings, 80% of the labs reported results within ±25% of the applicable 

reference value, the breakdown between results for higher and lower silica loadings was not 

what OSHA claims.  What the results actually show is that 83% of the labs reported results 

within ±25% of the reference value when silica filter loadings were >70 μg, while only 73% 

of the labs reported results within ±25% of the reference value when silica filter loadings 

were <70 μg.
538 

This finding is perfectly consistent with the finding of NIOSH researchers 

(related in the Wroblewski Report discussed above) that the estimates of intra- and inter-

laboratory variability in earlier PAT rounds tended to rise at low sample loadings, with the 

range of 60-80 g silica per sample being a significant cut-point. See page 203, supra. (As 

536 
See Cardno Comments at 9, Table 1, 13. 

537 
See PEA at IV-38, IV-39 & Table IV.B-8, IV-43 to IV-44. 

538 
See URS Measurability Comments at 10-13; Cardno Comments at 16. 
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an aside, OSHA has not explained why it apparently considers RCS measurements to be 

reliable when only 80% of the reported results are within ±25% of the true value.  After all, 

the NIOSH Accuracy Criterion ―requires that, over a specified concentration range, the 

method provide a result that differs no more than ±25% from the true value 95 times out of 

100,‖
539 

and the relevant concentration range for this purpose generally is ―a range of 

concentrations bracketing the permissible exposure limit (PEL).‖
540 

While the NIOSH 

Accuracy Criterion may not apply directly to PAT program results, it certainly suggests that 

the 80% ―success rate‖ cited by OSHA for measuring concentrations well above the 

proposed PEL is hardly reassuring.) 

A particularly revealing aspect of the PAT program analysis is the data relating to 

OSHA‘s own SLTC laboratory in PAT rounds 160-180, covering a period from June 2005 

through February 2010.  Over these rounds, where the silica filter loadings ranged from 55 to 

165 μg, the SLTC lab‘s RSD was 19 percent (which was almost precisely the same as the 

19.5% pooled RSD for participating laboratories in PAT rounds 156-165), and just 81% of 

the SLTC‘s reported results were within ±25% of the reference mean. 
541 

Moreover, these 

results were obtained on samples that range from 38% higher to 200% higher than the silica 

mass that would be collected at the proposed PEL.  Assuming sampling variability of just 5% 

and applying OSHA‘s formula , the precision of the SLTC 

539 
NIOSH Manual of Analytical Methods (January 15, 1998) at 36. 

540 
See Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in 

NIOSH Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, 

Public Health Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) 

Publication No. 03-127, at 273. 

541 
See PEA at IV-40. 
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lab at the 95% confidence level in these PAT rounds is 39%, which clearly is not acceptable 

and which comes nowhere near meeting the NIOSH Accuracy Criterion. 

As OSHA frankly admits:  ―The overall RSD of 19 percent for this set of samples is 

substantially greater than the CV1 of 10.6 percent cited in OSHA Method ID-142 (revised 

December 1996), and it is higher than the various CV1s that were obtained from the analysis 

of quality control samples analyzed at SLTC.‖
542 

According to OSHA, this is no surprise:  

―Based on OSHA‘s experience, estimates of the RSD from the PAT data are consistently 

higher than the precision that is achievable by individual laboratories.‖
543 

Except that the 

SLTC is an ―individual laboratory‖ – so that cannot explain why the SLTC‘s RSD in the 

PAT program is so much worse than the RSDs ―obtained from the analysis of quality control 

samples analyzed at SLTC.‖  After all, inter-laboratory variability was not involved in either 

situation. Rather, the principal difference between OSHA‘s in-house quality control  studies 

and its PAT program efforts is that the former involve analysis of pure silica reference 

standard material with no interfering minerals, while PAT program filters are made up to 

simulate real-world samples in which the silica is contained in a matrix that might be 

produced by industries that would likely need to be monitored for silica exposure. 
544 

As 

explained by URS, ―the four matrices currently in use are coal dust (mining industry), calcite 

(present in concrete), talc dust (a soft, clay-like mineral that could roughly simulate the non-

silica portion of bricks, tiles, or many other construction or industrial materials), and lastly a 

542 
Id. at IV-41. 

543 
Id. 

544 
See URS Measurability Comments at 10, 13-15; Cardno Comments at 12. 
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mixture of coal dust and talc.‖
545 

It undoubtedly is the presence of these interfering matrix 

materials that causes the SLTC‘s RSD values to deteriorate so substantially in the PAT 

program compared to the RSD that the SLTC lab reports for quality control samples.
546 

And 

it is the PAT program results that should be the focus of attention in determining whether 

silica exposures at levels of 50 μg/m
3 

and below can be reliably measured with acceptable 

accuracy and precision in real-world samples. 

In an apparent self-contradiction, OSHA contends that PAT program results are not 

appropriate for this purpose, while at the same time, it acknowledges that ―[t]he best 

available source of data for characterizing total variability (which includes an inter-

laboratory variability component) of crystalline silica analytical methods is the American 

Industrial Hygiene Association (AIHA) PAT program.‖
547 

The PAT program results are, 

indeed, the ―best available source of data‖ to characterize variability in the analysis of RCS 

samples that simulate silica-containing respirable dust to which workers are exposed in the 

real world.  As shown by Cardno ChemRisk and URS, OSHA‘s self-contradictory arguments 

to the contrary do not withstand analysis.
548 

Further evidence of the high variability and poor precision of RCS analyses when 

silica filter loadings are at the levels resulting from 8-hour sampling at the proposed PEL and 

action level is provided by the results of a recent commercial laboratory performance study 

sponsored by the ACC Crystalline Silica Panel.  The study was designed to assess the 

545 
URS Measurability Comments at 14; Cardno Comments at 12. 

546 
See URS Measurability Comments at 10. 

547 
PEA at IV-35. 

548 
See Cardno Comments at 15-16; URS Measurability Comments at 13-15. 
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accuracy, precision, and reliability of analytical results that might be expected from AIHA-

accredited commercial laboratories analyzing filters with respirable crystalline silica (RCS) 

dust loadings corresponding to RCS exposure concentrations of 100, 50 and 25 μg/m
3 

collected at a sampling rate of 1.7 liters/minute over an 8-hour work shift.  In this totally 

blinded performance study, filters containing three different levels of respirable quartz dust 

loadings were sent over a period of several months to five different AIHA-accredited 

commercial laboratories for analysis. The labs were not informed that they were 

participating in a performance testing study; instead, they were sent filters that appeared to 

have been collected during ordinary workplace monitoring of crystalline silica exposures by 

commercial customers.
549 

The study included three replicate rounds of testing.  For each round, ―reference 

levels‖ of 20, 40 and 80 μg of respirable quartz dust (corresponding to 8-hour exposures of 

25, 50 and 100 μg/m
3
, respectively) were deposited onto new polyvinyl chloride (PVC) 

filters by the RJ Lee Group.  Some of the filters contained quartz only, while others 

contained quartz mixed with kaolin or soda-feldspar.  A more complete description of the 

study‘s design and implementation is contained in Attachment 13 hereto (Letter of May 1, 

2012 from Drew R. Van Orden of RJ Lee Group to Jackson Morrill of the American 

Chemistry Council). The results of the performance study were analyzed statistically by Dr. 

Cox whose report entitled ―Statistical Assessment of Performance Tests for the Analysis of 

Respirable Crystalline Silica (Quartz) by Commercial Laboratories Using XRD‖ (―Cox 

Performance Test Report‖) is submitted herewith as Attachment 14.  

549 
See Cardno Comments at 14. 
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Dr. Cox found that, even when non-detect values were excluded, none of the mean 

reported values for the three reference levels of RCS came within 30% of the applicable 

reference value, ―indicating that the accuracy of the analyses was problematic even when the 

non-detects were excluded.‖
550 

The exclusion of the non-detects was not insignificant – 

because for 34% of the filters with loadings of 20 or more micrograms of silica, i.e., 36 out of 

105 non-blank filters in the test program, the laboratories reported non-detected levels of 

silica. Had these non-detects been included, Dr. Cox points out, ―the mean reported values 

would have fallen further below the respective reference levels, making the accuracy of the 

results even more problematic.‖
551 

Dr. Cox also found the following 

[T]he silica mass reported by the labs does not sharply discriminate among 

different reference levels of actual silica loadings. For example, a reported 

silica mass in the highest quartile (all of which would be from the 80 g 

reference level set if there were perfect agreement between higher reference 

levels and higher reported silica mass) has about a 50% (9/18) chance of 

coming from the 40 or 0 g reference level sets.
552 

His further analysis showed ―that under the conditions of this testing protocol, the laboratory 

results were not sufficiently accurate to reliably distinguish between concentrations that 

differ by a factor of 2 (i.e., 80 μg v. 40 g).‖
553 

Inter-laboratory variability also was quite significant.  Some of the labs reported 

higher RCS loadings than other labs at every reference level.  To quote Dr. Cox:  ―A filter 

550 
Cox Performance Test Report at 5.  

551 
Id. 

552 
Id. at 8. 

553 
Id. 
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with a given load of silica particles could easily yield a reported silica mass that varied by a 

factor of approximately two, depending on which labs provided the analyses.‖
554 

In addition, 

Dr. Cox noted: 

[W]ithin individual laboratories, there was substantial overlap among the 95% 

confidence intervals around mean reported silica mass values for different 

reference levels.  Thus, variability of reported results within individual 

laboratories was such that reference levels of 20, 40, and 80 g could not be 

distinguished reliably from each other.
555 

This reflects the fact that the intra-laboratory coefficients of variation (or relative 

standard deviation values) for replicate analyses of filters having the same reference level 

loadings of RCS were quite high. The relative standard deviations for all but one of the labs 

ranged from 20% to 66% at the various reference levels, suggesting that intra-laboratory 

precision in these analyses of silica dust was poor. 
556 

Cardno ChemRisk performed a 

subsequent analysis of the data – calculating the CV1, SAE, and precision values for silica 

loadings at the 20 μg and 40 μg levels – and reported the following: ―The estimate of CV1 at 

a loading of 20 µg was 37%, and the SAE and precision values ranged from 61% – 62% and 

from 72% – 74%, respectively, depending on whether a value of 5% or 9.3% was used for 

CV2. At a loading of 40 µg, the estimate of CV1 was 32%, and the SAE and precision values 

ranged from 53% – 54% and from 63% – 65%, respectively, depending on the value assumed 

for CV2.‖
557 

Obviously, even when the lower CV2 value is used, the resulting precision 

values of 63% for the 40 μg silica loading and 72% for the 20 μg silica loading indicate that 

554 
Id. at 11. 

555 
Id. 

556 
See id. at 12-13. 

557 
Cardno Comments at 15. 
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RCS measurements at exposure concentrations of 50 μg/m
3 

and 25 μg/m
3 

are simply not 

reliable. 

As noted above, OSHA typically requires that employers use a method of monitoring 

and analysis that has an accuracy of plus or minus 25 percent (+/- 25%) with a confidence 

level of 95 percent for measurements at airborne concentrations at or above the PEL – which, 

in turn, means that the total coefficient of variation (CVT) or relative standard deviation 

(RSD) for exposure sampling and analysis combined must be no greater than 12.8%.
558 

Yet 

in this study, accuracy was outside the +/- 25% range even when viewed simply as mean 

reported results, and intra-laboratory RSDs were much greater than 12.8%. 

Dr. Cox concluded his report with the following observation: 

Inter-laboratory variability in this performance test program was so 

high that the reported results could not be used to reliably discriminate among 

filters prepared to reflect 8-hour exposures to respirable quartz concentrations 

of 25, 50 and 100 μg/m
3
. Moreover, even within a single laboratory, there 

was enough variability in the reported results so that 2-fold variations in 

exposure concentrations could not be reliably distinguished.  

While the specific conditions of this blinded performance test program 

may limit the general applicability of these findings, the results point to 

significant potential shortcomings in the accuracy and precision of analytical 

results reported for quartz loadings in the neighborhood of 80 μg and below – 
and they indicate that for a PEL of 50 μg/m

3 
and an action level of 25 μg/m

3
, 

measurability problems could make determinations of compliance or non-

compliance unreliable.
559 

Both the studies OSHA relies on and the laboratory performance study sponsored by 

the ACC Crystalline Silica Panel focus on the amount of RCS that would be collected in 

eight hours when exposure monitoring is performed with a sampler having a flow rate of 

approximately 1.7 L/minute, as is typical in North America.  At page IV-43 of the PEA 

558 
See pp. 199-200 & nn. 490, 494, supra. 

559 
Cox Performance Test Report at 14. 
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OSHA notes that the BGI GK 2.69 cyclone has a higher flow rate of 4.2 L/minute – the 

implication being that by processing a larger volume of air, a high flow-rate sampler will 

capture a larger amount of silica than a Dorr-Oliver sampler in the same period of time and 

that, as a result, greater accuracy and precision of measurements will be possible.  However, 

as Cardno ChemRisk and URS explain, there are several reasons why one cannot assume that 

the use of high volume samplers will result in adequate precision at RCS exposure levels of 

50 μg/m
3
. 

 First, as Cardno ChemRisk points out, ―the accuracy and precision of the high 

flow rate samplers for measuring respirable crystalline silica have not been 

evaluated.‖
560 

While there have been studies of ―the sampling efficiencies of 

these samplers relative to the ISO/CEN particle size convention‖ and 

comparisons of mass collection volumes of high flow and low flow rate 

samplers, ―[n]one of these studies evaluated the accuracy and precision of the 

[high flow rate] samplers using the methods recommended in NIOSH (1995) for 

sampling method development.‖
561 

 Second, ―studies by Lee et al. (2010; 2012) indicate that high flow rate samplers 

tend to collect a higher proportion of larger size particles than the lower flow rate 

samplers currently used.‖
562 

Since they display a higher sampling efficiency for 

particles at the 10 μm boundary of the respirable range, high flow rate samplers 

like the BGI GK 2.69 cyclone ―tended to have a substantial bias towards 

collecting more respirable particulates than the low flow samplers, collecting 

between 12% to 31% more mass than the low flow samplers‖ in the Lee et al. 

(2010) study.
563 

In a follow-up study, Lee et al. (2012) again ―found that the 

high flow samplers tended to collect a greater mass of respirable particles, 

between 2.3% to 18.7% more compared to the lower flow rate 10 mm Dorr 

Oliver sampler.‖
564 

Importantly, ―[w]hile the high flow samplers collected more 

quartz mass than the low flow samplers, the standard deviations associated with 

560 
Cardno Comments at 16. 

561 
Id. at 18. 

562 
Id. 

563 
Id. 

564 
Id. at 18-19. 
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the mass ratios and net mass ratios were high, indicating a potential increase in 

sampling and analysis error (Lee et al., 2012).‖
565 

 Third, while RCS filter loadings will increase when a high-volume sampler is 

used, ―so will loadings of potential interferences, with the result that detection 

limits for RCS may remain unchanged and precision will not improve. Because 

there will be a larger mass of interferences, additional sample handling 

procedures such as acid washing will be required, resulting in reduced precision. 

The samples also may require analysis using alternative secondary or tertiary 

peaks, or the overall X-ray intensity may be diminished due to increased filter 

loading.‖
566 

Moreover, ―[b]ecause respirable silica in occupational settings tends 

to have a greater proportion of smaller particle sizes, while the high flow 

samplers tend to oversample larger size particles compared to low flow rate 

samplers, it seems likely that the high flow samplers will collect a greater 

proportion of non-silica particles that can interfere with the analysis of respirable 

silica using the XRD or IR methods.‖
567 

 Fourth, if the use of high volume cyclones were allowed in addition to the 

traditional Dorr-Oliver sampler, ―interlaboratory precision would suffer due to 

the use of multiple sampling devices.‖
568 

Thus, use of a high flow rate sampler like the BGI GK 2.69 cyclone provides no 

assurance that precision in measurements of RCS exposures at levels of 50 μg/m
3 

and below 

will be improved.  At the same time, instituting the practice of sampling with high flow rate 

cyclones, in lieu of the Dorr-Oliver sampler, would give rise to a number of other 

complications and potentially troubling issues. 

565 
Id. at 19. 

566 
See URS Measurability Comments at 3, 16. 

567 
Cardno Comments at 19. 

568 
Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in NIOSH 

Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, Public Health 

Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) Publication 

No. 03-127, at 266. See also NIOSH Hazard Review: Health Effects of Occupational 

Exposure to Respirable Crystalline Silica (2002) at 12 (―Because each type of cyclone 
exhibits specific particle collection characteristics, the use of a single cyclone type for each 

application would be advisable until evidence becomes available indicating that bias among 

cyclone types will not increase laboratory-to-laboratory variability.‖). 
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 Use of the Dorr-Oliver sampler with a recommended flow rate of 1.7 L/min is 

specified in OSHA Method ID-142.  NIOSH Method 7500 specifies use of a 

sampler with a flow rate varying from 1.7 L/min (nylon cyclone) to 2.5 L/min 

(aluminum cyclone) but notes that regulatory agencies currently use a 1.7 L/min 

flow rate with the Dorr-Oliver cyclone in the United States. So these Methods 

would have to undergo revision before high volume samplers could be used. 

 The Dorr-Oliver sampler has been used since the 1960s.  Hence, exposure data 

for many of the epidemiological studies on which silica risk assessments 

(including OSHA‘s) are based were collected using the Dorr-Oliver sampler (or 

were converted from particle count to a gravimetric basis using a Dorr-Oliver 

sampler).
569 

So most risk assessments for silica are based directly or indirectly 

on Dorr-Oliver sampling and may not be applicable to measurements made with 

other samplers. 

 If new samplers are used in the future, comparability with past measurements 

made with Dorr-Oliver samplers would be compromised. 

 Finally, because the Dorr-Oliver sampler is (and, for many years, has been) 

widely used in North America, switching to other samplers would involve 

significant costs, training time, and verification testing. 

For all these reasons, as NIOSH cautions: ―At this time, silica sampling should be 

done with a 1.7 L/min Dorr-Oliver nylon cyclone to meet the ISO/CEN/ACGIH respirable 

sampling convention within the United States.‖
570 

*  *  *  *  * 

In sum, as Michael A. Pannell, Senior Industrial Hygienist in OSHA‘s Office of 

Health Enforcement recently observed, exposure assessment of crystalline silica remains a 

problem because ―the means to collect a representative sample is difficult‖ and ―the 

569 
See Key-Schwartz, R. et al., "Determination of Airborne Crystalline Silica," in 

NIOSH Manual of Analytical Methods, 4th rev. ed. Cincinnati, OH, US Dep't of HHS, 

Public Health Service, Centers for Disease Control and Prevention, NIOSH, DHHS (NIOSH) 

Publication No. 03-127, at 266. 

570 
Id. 
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571 3 3
analytical variations are wide.‖ At a PEL of 50 μg/m and an action level of 25 μg/m , 

reliable measurements of worker exposure will not be possible, determinations of 

compliance/non-compliance will be suspect, and employers will be left to speculate as to 

whether various ancillary requirements of the Standard apply to their work sites. This alone 

makes the proposed PEL technologically infeasible. And that is particularly the case during 

the two-year period following the effective date of the Standard when commercial 

laboratories will not yet have been required to meet the quality assurance provisions of 

paragraph (d)(5)(ii). 

Conclusion 

OSHA has not shown that silica exposures associated with a PEL of 100 μg/m
3 

present a significant risk of material health impairment or that reducing the PEL to 50 μg/m
3 

would substantially reduce any such risk that might exist.  Nor has OSHA made a 

supportable showing that the proposed PEL of 50 μg/m
3 

would be economically feasible 

across the range of industry sectors to which it would apply or that RCS exposures at a level 

of 50 μg/m
3 

and below can be reliably measured with an acceptable degree of accuracy and 

precision in real-world samples containing interfering matrices.  For all these reasons, OSHA 

should not set the PEL for respirable crystalline silica at a level lower than 100 μg/m
3
. 

Instead, to assure that the incidence of silica-related disease continues its decades-

long decline to negligible levels, OSHA should change the formulaic PELs for RCS exposure 

in general industry to a simple value of 100 μg/m
3 

and should work with employers to 

571 
Pannell, M.A., Senior Industrial Hygienist, OSHA Office of Health Enforcement, 

Impediments to Developing a Viable SiO2 Exposure Assessment Program: Slide Presentation 

at the 2013 American Industrial Hygiene Conference & Exposition, May 18-23, 2013, 

Montreal, Canada. 
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improve compliance with the PEL. At the same time, all employers of silica-exposed 

workers should implement effective programs of reasonable and appropriate monitoring (or 

other exposure assessments) and medical surveillance for those employees who are 

potentially exposed to significant levels of crystalline silica. 
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